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Summary
The air in Santiago, Chile, is among the most highly polluted in the world. Due to the high levels 
of pollutants and the high incidence of respiratory diseases, especially in the most susceptible 
groups, Santiago has been declared a saturated zone for PM10, O3, and CO. The levels of 16 
polycyclic aromatic hydrocarbons (PAHs) were determined by HPLC in organic extracts from total 
suspended particles (OETSP) and respirable particles (OERP). Respirable particulate matter (fine 
and coarse) contain high levels of PAHs including six classified by lARC as carcinogenic, and 
represented at least 45 % of total PAH concentrations. A seasonal effect was observed with 
higher values in months with lower temperatures. Although a substantial decrease in PAH levels 
from OETSP and OERP has been observed in recent years, the levels of carcinogenic PAHs are 
still higher than those reported in cities in the USA, Australia and Europe. OETSP and OERP 
were highly mutagenic and contained direct and indirect mutagens which produced both 
frameshift and base substitution mutations in Salmonella thvphimurium. OETSP were also highly 
mutagenic at the tk locus in hlAlv2 human lymphoblasts in culture and their mutagenic potencies 
were 400 fold higher than those reported for PM10 in Los Angeles, USA. In vitro incubation of 
OETSP and OERP with calf thymus DNA allowed the identification of five nitro-PAH-DNA 
adducts, suggesting a relevant contribution of nitroarenes to particle toxicity. In spite of the 
important decrease in PAHs in the period 1991-1996, direct mutagenic responses have not 
changed significantly, suggesting that the levels of direct mutagenic pollutants (e.g nitroarenes) 
have not decreased substantially during recent years. Aditionally, indoor air pollution was 
investigated in an area of extreme poverty in Santiago; high levels of PM10, CO and PAHs were 
found which might explain the high incidence of respiratory diseases in this subpopulation.
These results suggest that Santiago's inhabitants are exposed to pollutants adsorbed onto 
respirable particles that are highly mutagenic, thus representing a risk for human health.
CHAPTER 1
INTRODUCTION
INTRODUCTION
Santiago, Chile with approximately 5.3 million inhabitants (almost 38 % of the 
country's population), is widespread in a valley located 500 meters above sea level, 
occupying an area of a hundred thousand hectares. The capital of Chile (Santiago) 
is the city with the greatest atmospheric pollution levels in the country and one of the 
most air polluted cities of the Americas (Gil et al., 1993). Air pollution in Santiago is 
a major public health problem and is the main cause of the high incidence of acute 
and chronic respiratory diseases, mainly affecting children and elderly people (Ostro 
et al., 1996).
Various factors contribute to the high atmospheric pollution levels that are reached 
all year round, including:
a) Geographical Location. The city is built in a valley surrounded by high 
mountains (sight unseen due to the smog in winter), thus having poor ventilation 
that hinders the natural dispersion of the pollutants. This situation is aggravated 
by the scarce vegetation, which favors suspended dust.
b) Meteorological Conditions. Santiago is located in a zone of atmospheric stability, 
characterized by very little wind and rain (less than 300 mm a year), and a high 
content of suspended dust, particles and smog.
c) Existence of a thermal invertion layer in winter, that can last for several days and 
_ acts to diminish pollutant dispersion. This layer is usually found at 900 m above
the ground, but sometimes can be as low as 150 m, thus, concentrating 
pollutants.
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d) High emissions levels. In the last decade, the population has grown at an 
average rate of 7% per year. According to data from the Transport Ministry, the 
city has 3,200 fixed sources and 700,000 mobile sources (vehicles) of emission, 
including 11,000 buses and 37,000 trucks, totalling around 50,000 diesel motors 
with high levels of particulate emissions. Diesel fuel is usually of poor quality 
with a higher content of sulfur than similar fuels in developed countries. In 
addition most of this diesel motors are not well maintained. The annual growth 
rate has been at least 10% and it is expected that in the year 2000 the number 
of vehicles will be around one million (CONAMA, 1997).
The above sources are responsible for the high levels of respirable particulate 
matter (PMio), carbon monoxide and ozone, pollutants that surpass the 
corresponding air quality standards (AQS) during many days in the year. PMio and
carbon monoxide frequently surpass the AQS in winter, whereas, for ozone this 
happens in spring and summer. In 1995 the daily PMio standard (150 ug/m^) was
surpassed in all the stations of the Net MACAM (the official network charged with 
pollutant monitoring in Santiago). The one hour air quality standard for ozone (160 
ug/ m3) was surpassed 150 days in the upper part of the city.
Due to this situation the Chilean Government (in 1996) declared Santiago as a 
saturated pollution zone for ozone, carbon monoxide and PMio and a latent zone
for nitrogen dioxide. Furthermore the Government has recently initiated a new plan 
to reduce air pollution (June, 1998), which has been called; Plan de Prevencion y 
Descontaminacion Atmosférica para la Region Metropolitana (PPDARM).
According to the Chilean government the enactment of the PPDARM, will save 
107445 premature deaths due to PM^g exposure and 549 due to ozone exposure in
the next 14 years. Also 447,180 hospital admissions due to respiratory diseases 
and 2,146,803 visits to emergency rooms will be avoided. The economic benefits in 
health improvement have been estimated to be US $ 318,158,957 (CONAMA, 1997).
As a general rule, the air quality standards (AQS) are established to protect human 
health and according to a World Health Organization (WHO) recommendation, 
should not be surpassed more than once in the year.
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This situation relates to pollutants for which an AQS exists, and are classified as 
criteria pollutants. However, in Santiago, it is likely that hundreds of other pollutants 
exist for which there are no standards and which are not measured. These are 
referred to as non criteria pollutants and are potentially highly hazardous for human 
health.
The atmospherical pollutants in Santiago are measured through a semiautomatic net 
and an automatic net (Network MACAM) that it is under the responsibility of the 
Environment Health Service (SESMA). The monitoring stations are located in 
different sites of the city. The MACAM net has four stations located in downtown 
Santiago namely. Station A (La Moneda, Downtown-West), Station B (Plaza Italia, 
Downtown-East), Station F (Avenida La Paz, Downtown-Noth), Station D (O'Higgins 
Park, Downtown-South), a mobile station, and Station M located 12 kilometers from 
downtown in the upper part of the city (Las Condes, East). Recently four more 
stations have been added to the system. These stations monitor the following 
pollutants: carbon monoxide, sulphur dioxide, nitrogen dioxide, ozone, and 
respirable particles (PM10). Also the total suspended particles (TSP) are measured
in some stations.
According to a new emissions survey for 1997(Diario Oficial N° 36,083, 1998), 
emissions in ton/year are: 41,784 for PM10, 244,921 for CO, 43,828 for NOx, 62,221
for volatile organic compounds and 21.169 for SO2. It is estimated that for the total 
PM10 emissions, 6.5 % correspond to mobile sources, 7.6 % to fixed sources, 6.9 %
to other sources and 79 % to resuspended dust.
In a recent study by the World Bank (Faiz et al.,1995) it has been estimated that 
particles and ozone may cause 1,546 premature deaths a year in Santiago. In 1993, 
the health cost of the effects in the population have been estimated to be around US 
$1,100 million a year and predictions are that these costs will increase to US $3,500 
million in the year 2010.
Environmental Legislation
The Chilean legislation establishes air quality standards (AQS) for certain 
atmospherical pollutants. AQS are intended to protect the population from short 
exposure intervals (one hour to one day) and also for longer periods (one year).
Resolution 1215/ 78 of the Health Ministry establishes standards for the following 
pollutants: sulphur dioxide (SO2), carbon monoxide (CO), photochemical oxidants 
represented by ozone (O3) and nitrogen dioxide (NO2). Furthermore, the 185/ 91 
resolution of the Mining Ministry establishes standards for respirable particulate 
matter (PM10). Table 1 summarises the air quality standards for these criteria 
pollutants in Chile and are compared with those in the USA, Sweden (as example of 
a country with rigorous standard) as well as with WHO recommendations
The Chilean standards are very similar to those of United States (NAAQS), but less 
strict that those established both in Sweden and those recommended by the WHO  
(Currently the W HO is reviewing their recomendations).
The air quality index gives a measure of the level of the daily pollution and is taken 
as an index of air quality for gases and other for particles (ICAP). The air quality 
index is graded from 0 to 500, the index 100 is given by the standard concentration 
for each pollutant, that is at levels that they do not affect the human health.
Table 1. Comparative Air Quality Standards
Pollutant Exposure
Period
NAAQS WHO Sweden Chile
Concentration (ug/ m^)
SO2 Annual Average 80 50 50 80
Average 24 h 365 125 100 365
NO2 Annual Average 100 - 50 100
Average 24 h - 150 75 260
Average 1 h - 400 110 -
CO Average 1 h 40 30 - 40
Average 8 h 10 10 6 10
O3 Average 1 h 235 150-200 120 160
TSP Annual Average _ 50 75a
Average 24 h - 120 110 260
PM-io Average 24 h 150 70 100 150
Annual average 50 - 20 50b
NAAQS= National Ambient Air Quality Standards, USA. (1992)
WHO = World Health Organization
a = geometric average
b = arithmetic average. Not a Chilean standard but corresponds to EPA standard.
Table 2 shows the Chilean air quality index for different concentrations of the 
various criteria pollutants as well as an overall health threat, varying from good to 
hazardous.
Table 2. Gases and Respirable Particulate Matter Indices
Index CO SO2 NO2 0 3 PM10 Qualification
100 0 0 0 0 0 Good
101-200 9 365 470 160 150 Regular
201-300 19 929 1,290 470 195 Bad
301-400 30 1,493 2,110 780 240 Critical
401-500 40 2,056 2,930 1,090 285 Hazardous
500 or more 50 2,620 3,750 1,400 330
Sources: Resolution 369 of the Health Ministry (12-04-86), Emergency Episode Plans and Episode 
Action Plans, EPA.
Notes:
- All the standards are given in ug/m^, except for CO which is in part by million(ppm)
- The concentrations are for a period of 8  hrs for CO; 24 hrs. for SO2  and particles and 1 hr for 
NO2  and O3 .
In Santiago, these standards are surpassed many days during the year for the 
following pollutants:
Carbon monoxide. The standard is almost always passed between May and 
September and usually is related to the traffic rush hour. The highest daily indices 
are obtained between 8:00 and 10:00 am and between 19:00 and 21:00 hrs.
Photochemical Oxidants. Represented mainly by O3, this is a secondary pollutant 
produced by the reaction of volatile organic compounds and nitrogen oxides 
catalyzed by solar light . The AQS for ozone is surpassed mainly in spring and 
summer (between September and March in Santiago).
Particulate matter. PM10 and TSP AQS are passed generally in late autumm and 
winter (between May and September).
Sulphur Dioxide and Nitrogen Dioxide. The air quality standards for both of these 
pollutants are usually not passed.
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Analysis of Pollutant Trends in the Period 1992-1997
A trend evaluation of the pollutants, according to recommendations of the EPA must 
be accomplished in a period of at least 3 years. The following information has been 
provided by the CONAMA ( The National Environment Commision).
Particulate matter: Figure 1 shows the number of days in which the air quality 
indices (ICAP) 100, 300 and 500 were breached in the period 1989-1997.
Figure 1. Numbers of Days the ICAP Index was breached in the Period 1989-1997.
ICAP500
Ü ,Q^p3o~ô
lOAPl'BO
1989 1990 1991 1992 1993 1994 1995 1996 1997
Year
Derived from CONAMA ( The National Environment Commision)
In 1995, the air quality index for PMio was surpassed in each monitoring station of 
the Net MACAM for 20-50 days a year. The number of days in which the air quality 
index (ICAP) surpassed 100, increased during 1996 and 1997 and were similar 
values in 1991.
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The station that presents the worse situation is Station D (O’ Higgins Park) with the 
AQS being passed for over 50 days. The maximum value obtained in this station 
was 302 ug/m^ corresponding to twice the standard of 150 ug/m^. In this station, the 
monthly average for May was of 168.8 ug/m^, higher than the daily standard. The 
annual average was of 100.7 ug/m^, corresponding to twice the annual US-EPA 
AQS. Similar situations were observed in the other stations, reflecting the magnitude 
of the problem.
Carbon monoxide. During 1995, the 8 hours AQS for this pollutant was passed 
several days a year in all the stations of the net MACAM, with the only exception 
being the station located in Las Condes which is far away from road traffic. Again, it 
was O’Higgins Park station, which most breached the 8 hours AQS (60 days a 
year) with the maximum concentration measured being 258% higher than the AQS.
Ozone: The station located in the upper part of the city is the one with the highest 
concentrations of ozone, and the one hour AQS was not only surpassed in spring 
and summer but also in autumm and winter. In 1995, the AQS was passed 390 
hours over 156 days a year. This is probaly due to the high intensity of solar 
radiation during the whole year in Santiago. The highest ozone concentration 
reached in this station was 439 ug/m^ which is 274% higher than the one hour AQS 
for this pollutant. In December of the same year the AQS was surpassed 26 days. 
One of the episodes passing the AQS lasted for 7 hours. In addition, the AQS was 
also surpassed in the downtown stations and although there is no data recorded it 
is likely that is also passed in the east and north regions of the Santiago valley. This 
data explains the goverment decision that declared Santiago a saturated zone for 
PMio, ozone and CO.
Nitrogen dioxide: An increased trend in concentrations since 1992 has been 
observed, and if this continues at the same rate, it is expected that the AQS will be 
breached during 1998.
Table 3 shows the number of days during which the AQS for CO, ozone and PM10 
was passed in the different stations of the MACAM net.
Tables. Number of Days the Standard for Criteria Pollutants in Different Monitoring 
Stations in Santiago of Chile was breached in 1995.
Station Particulate Matter (1) 
B F D
Number of days
Number of days
Number of days
32
25
30
20 19 51
Carbon Monoxide (2)
10 40 60
Ozone (3)
5 40 30
M
19
154
1= 150ug/m^ (24 hours) standard
2 = 40,000 ug / (8  hours) standard
3 = 160 ug / (1 hour ) standard
Analysis of Resoirable Particulate Matter in the Period 1989-1998
Figure2 shows the trends for PM10 (A) and PM2.5 (B) levels in the periods 1989 and 
1998. It can be observed a statistically significant decrease of 25% (p<0.02) in 
PM10 and 43.3% for PM2.5 (p<0.002) between 1989 and 1998 (PPDARM, 1998).
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Figure 2 . Monthly Average of four stations of the MACAM net (A, B, F and D) for PMio 
(respirable particulate matter) (A) and PM2.5 (fine fraction) (B) in the periods 1989 and 
1998. Data are derived from the Government Agency (SESMA) (Sanchez et al, 1998).
O  210 
S  190
^  170 
0)
O) 150 
> 110
JC
c
o
90
70
50
30
Y #
_/ 1_/ 11 • # ; 1_/ 1 I! f t_/ H
\
\ 9 #1% T ia I]_/ I' Il A - T
Vi V , , T /iL i %i \ ,a#» V > J 1
_/
/ — —
12 24 36 48 60 72 84 96 108
Month (January 1989/August 1998)
B
150
to
oi 130
110
D)
90
70
50
30
10
12 24 36 48 60 72 84 96 1080
Month (January 1989/August 1998)
11
Although a statistically significant decreses in both PM10 and PM2.5 were observed, 
this was not the case for the coarse fraction (Figure 3).
Figure 3. Monthly Average of four stations of the MACAM net (A, B, F, D) for PMio (respirahle
particulate matter), PM2.5 (fine fraction) and PM2.5-10 (coarse fraction) in the periods 
1989 and 1997.
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CONAMA ( The National Environment Commision)
Airborne particulate matter in Santiago originates from industrial proceses, heating, 
dust and vehicles. The principal components of airborne particles are soot, lead, 
sulfate and polycyclic aromatic hydrocarbons (PAHs). It is estimated that many of 
the toxic components of the respirable fractions are emitted by diesel vehicles 
(Rosenkranz, 1996; Hayakawa et al., 1997; Bunger et al., 1998). It is necessary to 
point out that particles greater than 10 |im diameter are deposited in the tracheo­
bronchial region, and likely trigger bronchial contraction, asthma, bronchitis, 
emphysema and possibly pulmonary cancer (Moller, 1994; Gamble and Lewis, 1996; 
Peters et al., 1997; Nakanishi et al., 1997; Wilson and Suh, 1997; Murphy et al, 
1998; Ostro and Chestnut, 1998, Gamble, 1998). On the other hand, the respirable 
particles penetrate to the alveoli and considerably hinders their elimination. These 
dramatic increases in respiratory diseases (especially between April and August) 
indicate that the air in Santiago, is a potential source of risk to human health.
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The AQS for the different criteria pollutants have been established in many countries 
around the world to protect the human health. The first health priority is cancer risk. 
Other possible effects are asthma toxicity to the respiratory, developmental and 
reproduction systems, effects on the central nervous system, inmunotoxicity and 
toxicity to the vascular system , liver and kidney (Moller, 1994). (National Air Quality 
and Emissions Trends Report, 1992).
Effects of Atmospheric Pollution on Human Health
The polluted air from large cities contains hundreds of chemical compounds, which 
makes it difficult to relate specific health effects to a single pollutant. Furthermore, 
various pollutants can cause the same health effects, and the effects of several 
pollutants could be additive, synergistic or antagonistic. The effects of air pollution 
on human health also depends on factors such as concentration and exposure time, 
host characteristics (physiological, genetic, hormonal and nutritional factors), and 
confounding factors (temperature, humidity, smoking, indoor or occupational 
pollution).
The effects of atmospheric pollution on human health may be classified as follows:
Acute effects. Produced by high concentrations of pollutants breathed for short 
periods of time. In the respiratory Tract , atmospheric pollution can trigger: 
pharyngitis, rinitis, bronchitis and mucosal irritation. However, pollution is apparently 
not the direct cause of disease but acts as an irritant factor reducing the defense 
mechanisms of the respiratory tract in such a way that bacteria and viruses are 
the primary causative agents. People with bronchial hypereactivity, react more 
extensively to irritant pollutants such as SO2, NO2 and ozone which favours
bronchial obstruction. In general, these acute effects are characterized by a 
weakening of the defense mechanisms of the respiratory tract and by an increase in: 
a) infections to the respiratory tract and pneumonia, b) frequency and intensity of 
the asthmatic attacks, c) the symptoms of patients already ill with diseases such as 
chronic bronchitis, pulmonary emphysema and coronary cardiopathy.
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Chronic Effects: These are due to exposure to variable concentrations of pollutants 
for long periods of time and are characterized by an increase in the incidence and 
severity of asthma, bronchitis, chronic obstructive bronchitis and pulmonary 
emphysema.
Delayed Effects: Provoked by the long exposure (years) to pollutants, whose 
effects can delayed, even though exposure may have ceased. Among these effects 
are mutagenesis and carcinogenesis.
Psvcholoaical Effects: These are characterized by irritability, mental and corporal 
fatigue, sensorial disorders.
Airborne Particulate Matter: Particles may originate from various sources either 
occurring naturally or by processes related to human activity. Among the natural 
sources the most importants are soil erosion, volcanic eruptions, forest fires, as 
well as some of biological origin such as pollen grains, fungus, spores, etc. 
Particles generated by human activities originate mainly from combustion processes 
(either industrial or from vehicles).
In the latter case the most important emissions are those from diesel engines and 
from vehicles that use leaded gasoline.
Regarding chemical composition, particulate matter is the only pollutant with a 
variable chemical composition, since this will depend on the emission source. In 
large cities, particulate matter contains a water soluble fraction that consists mainly 
of sulfates, nitrates, chlorides, and a water insoluble fraction that contains mineral 
derivatives from the soil, coal, adsorbed gases, lead, dioxins, PAHs, etc.
Particles reduce the defense capacity of the alveolar macrophages, saturate the 
mucociliar capacity and can be deposited in the alveoli transporting the pollutants 
that have been adsorbed on their surface (gases, PAHs and nitro-PAH) (Bagnoli et 
al., 1997; Cohen et al., 1998). Airborne particles have been associated with irritative 
phenomena such as chronic cough, hoarseness, nocturnal respiratory symptoms, 
pneumopathis, bronchitis, bronchial asthma and lung cancer (Dockery et al, 1989; 
Calderon et al., 1997; Bagnoli et al., 1997, Pekkanen et al., 1997; Cohen et al., 
1998, Ormstad et al., 1998; Abbey et al., 1998)
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Investigations undertaken in the USA and Europe (Friedlander and Lippmann, 1994) 
have suggested that inhalation of fine particles at concentrations lower than the 
AQS, produces a high risk of premature death, increase in hospital admissions and 
a series of other adverse health effects. The biological mechanisms that could be 
responsible for these effects are presently unknown. In addition, it is not clear if the 
effects are produced by the core particle, by a particular component or by a 
combustion of more than one pollutant chemical.
Dockery et al., 1993 have reported that after eliminating various confounding 
factors, the mortality rate among the most and least polluted cities in USA was 
1.26. These same authors have reported that the polluted cities that had TSP levels 
of 34.1 to 81.9 ug/m^, PMio levels of 18.2 to 46.5 ug/m^ and PIVI2.5 fine particles of 
11 to 29.6 ug/m^, are associated with high levels lung cancer and cardiopulmonary 
diseases and that mortality was better correlated with fine particles and with 
sulphate concentrations.
The association between acute exposure to particles and increases in mortality and 
morbidity have been observed in (Dockery et al, 1989; Calderon et al., 1997; 
Bagnoli et al., 1997, de Hartog et al., 1997):
- Climates with extremes of temperature
- Areas with industrial and vehicular atmospherical pollution
- Areas where the air pollution is associated with thermal invertion 
layer in winter and by photochemical pollution in summer
- Areas with a mixture of pollutants
- Areas where the pollution is due only to particles
These observations pose the question: Which concentration of particulate matter 
does not effect human health and does a threshold dose for particulate matter 
exist?
At present, this question cannot be answered and requires substantially more 
research, particularly at low pollutant concentrations.
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Various studies have investigated the association between atmospheric pollution 
and excess of mortality (Ostro et al., 1996, Choudhury et al., 1997; Burnett et al. 
1997). An analysis of eight studies in different United States cities has concluded 
that an increase in PMio of 10 ug/m^ (24 hours average) is associated with an
increase in the daily mortality of 1% (Expert Panel on AQS, 1995a).
A recent study by WHO, (Expert Panel on Air Quality Standards Particles, 1995a) 
relates PMio exposure over short time periods to different indicators of human 
health effects. A change in the average concentration of PMio of 50 ug/m^,
produces a change of 5% in mortality and of 10% in hospital admissions. On the 
other hand, smaller changes in PMio concentration (29 ug/m^) provoked a change
of 20% in the number of asthmatic patients that use bronchodilators and changes of 
20 ug/m^ in PMio produced a 10% of change in in the number of patients that note 
an increase in the asthma symptoms.
Based on recent scientific studies on the effects of particulate matter on human 
health a recent report of the AQS expert panel in Great Britain, has recommended a 
standard of 50 ug/ m  ^ for a period of 24 hours for PMio (Expert Panel on Air
Quality Standards. Particles, 1995a, HMSG). More recently (1997) in the USA a 
new standard has been introduced for fine respirable particles (PM2.5), namely 65 
ug/m^ over 24 hrs and 15 ug/m^ as an annual mean.
Epidemiological Studies on the Effects of Air Pollution in Santiago
A study financed by the World Bank and the Intendency of the Metropolitan Region 
(Belmar et al., 1989) compared the effects of atmospheric pollution in a scholar 
population of Santiago and of the city of Los Andes, Chile. These authors reported 
that the Santiago students had a higher frequency of cough, hoarseness, lethargy, 
etc, than the Los Andes students. By the evaluation of spirometric parameters 
(VEF1 and VEF25) a moderate increase in bronchial obstruction incidence in the 
students of Santiago was detected. In the same work, morbidity studies with 331,000 
people from Santiago and 41,000 from Los Andes, found that the diseases in the 
upper respiratory tract, obstructive pathologies and pneumonia were significantly 
more frequent in Santiago than in Los Andes.
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Another part of this work related to analysis of 700,000 deaths. It was established 
that in the months of higher pollution in Santiago, the average daily deaths 
increased over the average deaths of the country and it was calculated that in years 
of very high atmospheric pollution (1979 and 1985), the number of deaths were 
significantly higher.
A more recent study sponsored by the Chilean Pediatrics Society and UNICEF 
(Aranda ., 1992) investigated the effects of air pollution on the human health, 
using two models. In the first, the health situations of Santiago and Los Andes 
populations were studied (ecological model) and the second, the effects of the 
exposure of Santiago inhabitants to atmospheric pollutants were studied (exposure 
model).
The authors demonstrated (epidemiological model) that the risk of of a child living in 
Santiago to have bronchial problems was significantly greater than those in Los 
Andes. Using the exposure model, it was demonstrated that the rate of bronchial 
problems increased in relationship to air pollution and to certain climatic conditions. 
Through a multiple, regressional analysis of the data, these authors concluded that, 
in winter 87% of the variance in the quantity of daily bronchial problems, in children 
younger than 2 years old, living in Santiago was due to pollution problems. In this 
analysis, ozone, PMio and SO2 concentrations were used as variable of pollution 
as well as climatic variables (humidity and temperature).
In a more recent study, Ostro et al., 1996 have related daily mortality with PM10 
levels in Santiago in the period 1989 to 1991. This analysis demonstrated an 
association between PM10 and daily mortality, especially in the winter period. 
Greater health responses to PM10 concentrations occurred at of approximately 90 
ug/m^. The association between particulate matter and mortality was greater in 
elderly men.
When SO2, NO2 and ozone concentrations were included in the model, the 
association between mortality and PM10 was not affected. These researchers have 
suggested that in Santiago a change of 10 ug/m^ in the daily average of PM10 is 
associated with an increase of 1% in mortality.
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Dr. Gil's group in Santiago has studied (in cultured human lymphocytes) the human 
chromosomal damage produced by carcinogenic air pollutants present in Santiago's 
airborne particulate matter (Silva et. al. 1992). It was observed that cultured human 
lymphocytes, treated with extracts of airborne particulate matter in the presence and 
in the absence of an activation fraction showed chromosomal aberrations (simple 
and /or double chromatid fractures) in the p and q arms of chromosomes of the A to 
G groups. These results suggest that Santiago's air contains pollutants that can 
induce chromosomal aberrations in humans directly either without previous 
metabolic activation (probably nitroarenes) and pollutants that require to be 
activated by the monooxygenases system (probably PAHs).
Diesel Vehicle Emissions. Effects on Urban Air Quality and Human Health.
Particles released by diesel motors are very injurious to human health because 
they generally penetrate deeply in the respiratory tract, causing damage to 
respiratory function and transport of carcinogenic pollutants to the lung (Expert 
Panel on AQS, 1995a; Rosenkranz, 1996; Ormstad et al., 1998).
In addition to releasing more particulate matter than petrol motors , the diesel 
motors release more nitrogen oxides, mainly as NO which is oxidized more rapidly 
than NO2 It has been estimated that a heavy diesel vehicle releases 7-14 g of
particles per litre of fuel, compared to 0.65 g/ I for petrol-driven car. Great 
importance has been placed on the mutagenic and carcinogenic activity of PAHs 
and nitroarenes adsorbed on these particles (Diesel Exhaust Emissions, 1996), 
particularly as they relate to adverse effects in human health. The International 
Agency for Cancer Research (lARC) has classified motor diesel emissions as 
probable carcinogens to man (Group 2 A), whereas gasoline motor emissions 
have been classified as possibly carcinogenic to man (Group 2B).
Another toxic component of diesel emissions is coal, which due to its physical 
properties and small size penetrates deeply in the lung, transporting adsorbed toxic 
substances, which are accumulated and caused cellular damage. The accumulation 
of large quantities of coal can damage the mechanisms of lung clearance.
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Diesel fuel and oil contain greater quantities of sulphur than gasoline and therefore 
diesel vehicles emissions contain more sulphur than emissions from gasoline 
vehicles. Sulphur emission is mainly as SO2 and as SO3. The latter combines with
water to form sulfate, which is highly irritant to the respiratory tract (Expert Panel on 
AQS, 1995b).
Polycyclic Aromatic Hydrocarbons (PAHs)
PAHs and their derivatives are air pollutants with a high risk to human health, as a 
susbtantial number of these compounds exhibit carcinogenic activity in experimental 
animals and therefore have a high probability of causing the same effect in humans. 
PAHs are generated by the incomplete combustion of fuels such as petrol, diesel, 
oil, coal, and biomass. The principal sources of PAHs emissions are vehicles, 
tobacco smoking, domestic heating, refuse burning and industrial activities. More 
than a hundred PAHs have been identified in airborne particulate matter (Minoia et 
al, 1997; Kuo et al., 1998; Monarca et al., 1997), and those which are found with 
greater frequency in the air of cities with high levels of atmospheric pollution are 
shown in the Figure 4.
lARC has classified the following PAHs as animal carcinogenic agents: benzo (a) 
anthracene (2A), benzo (b) fluoranthene (2B), benzo (k) fluoranthene (2B), benzo
(a) pyrene (2A), dibenzo (a,h) anthracene (2A), and indene (1.2.3-c,d) pyrene(2B) 
(IARC,1983). Group 2A, the compound is probably carcinogenic to humans; Group 
2B, the compound is possibly carcinogenic to humans.
It is well established that PAHs and their derivatives, represent a high risk for 
human health ( lARC, 1983; Greenberg et al., 1985,IARC, 1989; Baek et al., 1991; 
Smith and Harrison, 1996, IPCS, 1998). The mutagenic and possibly carcinogenic 
activity of PAHs mixtures adsorbed onto the particles present in the environment 
have been extensively demonstrated in developed countries (Kado et al., 1986; 
Flessel et al., 1987). The association between cigarette smoking and various types 
of respiratory cancer, has been demonstrated (IARC,1986) and many carcinogenic 
PAHs present in cigarette smoke have also been identified and quantified in 
airborne particles in different cities around the world (Minoia et al, 1997; Kuo et al., 
1998; Monarca et al., 1997).
Chrysene 
(Chry)
Benzo(b)fluoranthene 
(BbF), 2B
Benzo(a)pyrene 
(BaP), 2A
Benzo(a)anthracene 
(BaA), 2A
Pyrene
(Py)
Anthracene
(Anthr)
Fluoranthene
(BghiP) (Flur)
Naphthalene
(Naph)
Acenaphthene
(Acthe)
Acenaphthylene
(Acthy)
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Benzo(k)fluoranthene *  
(BkF), 2B
Dibenzo(a,h)anthracene 
(DahA), 2A
lndene( 123-cd)py r ene 
(1123), 2B
Phenathrene
(Phen)
Fluorene
(Flu)
Figure 4. Polycyclic Aromatic Hydrocarbons (PAHs), chemical structures, names 
and abbreviations. * Carcinogenic PAHs
2A: the compound is probably carcinogenic to humans (with a higher degree of evidence) 
2B: the compound is possibly carcinogenic to humans (with a lower degree of evidence) 
(lARC, 1983)
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Due to its potent carcinogenicity benzo(a)pyrene (BaP) is one of the most 
extensively studied air pollutants. BaP concentrations in the air varies from its 
detection limit of 0.1 ng/m^ to 100 ng/m^ (Petry et. al., 1996; Monarca et al.,1997; 
Minoia et al., 1997; Müller et al., 1998). Greater levels of BaP have been registered 
in industrialized cities that use coal as fuel. Nevertheless in many cities, it has been 
established that the principal source of PAHs are vehicles and it has been estimated 
that in large cities, more than 80% of PAHs in the air originates from internal 
combustion motors (lARC, 1983; Lioy and Daisey, 1986; Baek et al., 1991).
In some very polluted cities (e.g. Mexico city, Mexico; Calcuta, India) 120 ng/m^ of 
BaP have been detected (Chakraborti et al., 1988). If it is assumed that an 
individual breathes a volume of air of about 15 m  ^ every day and if the maximum 
values of BaP reported are taken then the exposure levels could reach almost 5000 
ng a day. In Japan in the 1950s BaP concentrations in the city of Sapporo of 32-108 
ng/m^ were recorded, while in 1966 in a highly industrialized city (Kitakyushu) a 
annual average of 36.9 ng/ m^ was reported. However, due to regulations that have 
been introduced and to the development of new technologies, these levels have 
decreased drastically. Thus, the BaP annual average concentration for Japan in 
1989 fluctuated between 1.2 and 3.1 ng/m^ (Okita et al., 1994). In United States 
(California) the concentration of this hydrocarbon in particulate matter fluctuates in 
the range of 0.05-0.5 ng/m^ (Flessel, 1991) as annual mean. Occasionally they have 
reached concentrations of 1-3 ng/m^ and sporadically have reached very high 
concentrations of 11.3 ng/ m .^
The annual average concentration over a period of nine years in California was of
0.4 ng/m^ (Flessel et al., 1991). Smith and Harrison, 1996 reported levels of 0.81 
ng/m^ in winter in London. Low levels of BaP and other PAHs have been reported 
in different areas of London (Baek et al., 1991; Baek et al., 1992), La Specia, Italy 
(Barale et al., 1991) and Kokkola, Finland (Pysalo et al., 1987).
The presence of PAHs in the urban atmosphere represents a health risk due to the 
fact that there are million of persons exposed and to the fact that exposure is 
permanent (National Academy of Sciences, USA, 1972).
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Human exposure to PAHs is a function of various parameters such as: their 
concentration in the air and their distribution between the gaseous and particulate 
phases, as well as from the size of the particles on which they are adsorbed. It has 
been estimated that chronic exposure to environmental carcinogens over long 
periods of time presents greater risks for human health than acute exposure for 
short periods (Harkov, 1982). The effects on human health from exposure to PAHs 
has been well established and include effects in the skin, and in the respiratory 
tract, including the lung (lARC, 1983). Furthermore it has been demonstrated that 
the PAHs adsorbed to particles of lower than 3.5 microns reach the pulmonary 
alveoli and that PAHs adsorbed on particles between 3.5 and 10 pm are deposited 
in the nose and in the upper part of the respiratory tract (Terashima et al., 1997; 
Gerde et al., 1997).
The importance of the PAHs as the main group of carcinogenic agents present in 
particulate matter emitted from diesel and petrol motors, has been demonstrated by 
studies in which these extracts have been tested in mouse skin or in rat lung 
(National Research Council, 1981). The latency period of occupational cancer is 
greater than 20 years (Kuratsune et al., 1974). The atmospheric concentrations of 
carcinogenic pollutants is much lower than concentrations found in occupational 
environments (refineries, smelters, etc), indicating that it is reasonable to think that 
the latency period for pulmonary cancer triggered by environmental pollutants will be 
much greater than 20 years. Therefore to estimate the relationship between dose, 
exposure and pulmonary cancer by atmospheric pollutants is very important to 
evaluate for several years the level of this kind of pollutants.
PAHs are found in the gaseous phase as well as in the particulate matter, but very 
few studies have been reported on the gaseous phase, due to difficulties in the 
sampling techniques. Various studies have demonstrated that the concentrations of 
these hydrocarbons show a seasonal effect. In general these pollutants are found 
in higher levels in winter that in summer and in urban than in rural zones (Smith and 
Harrison, 1996; Müller et al., 1998). These variations in the concentrations are 
explained by: a) changes in the emission sources (either mobile or stationary), b) 
temperature influence on the partition coefficient between the particulate and the 
gaseous phases, c) changes in météorologie conditions, and d) thermal and 
photochemical reactions that occur in the atmosphere.
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Baek et al., 1992 have demonstrated that 3 ring PAHs are found predominantly in 
the gaseous phase, compounds of 4 rings are split between the two phases whereas 
compounds with 5 and 6 rings are associated with the particulate phase. These 
same authors demonstrated that in the summer the proportion of PAHs of high 
molecular weight increased, whereas those of smaller molecular weight were 
reduced.
The reactions of PAHs with nitrogen oxides are of great importance since both 
products are emitted simultaneousy from the same sources and these reactions 
can result in the conversion of inactive PAHs to nitroarenes, compounds of potent 
carcinogenic activity (Pitts et.al.,1985).
PAH Metabolism
Xenobiotics are metabolized by reactions that are catalyzed by a large variety of 
enzymes, including phase I enzymes which are involved in oxidation, reduction and 
hydrolysis reactions and phase II enzymes which catalyze conjugation reactions 
(Gibson and Skett, 1994). The most important of these enzymes are known as the 
cytochrome P450 -dependent mixed-funtion oxidases (MFO). The MFO is found in 
most tissues and is particulary active in the liver.
The MFO uses NADPH and molecular oxygen and its activity is modified by various 
factors such as: age, species, sex, hormonal or nutritional status or by exposure to 
inhibitors or enzymatic inducers. The terminal oxidase of the system is a group of 
hemoproteins collectively called cytochrome P450 and the properties of these 
isozymes have been discussed in various reviews (Okey, 1990; Gonzalez, 1990, 
Gonzalez and Idle, 1994).
In recent years it has been established that various isozymes of cytochrome P450 
exist, mostly with different substrate specificities (Gonzalez and Idle, 1994). P450 
isozymes have been classified in families and subfamilies. Two isozymes from the 
CYP1 family, (CYPIA1 and CYPIA2 ), are involved in the metabolism of PAHs and 
their derivatives (Butler et al., 1992). The most important families involved in 
xenobiotic metabolism are: CYP1, CYP2 and CYP3.
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C Y P I  Family 
CYP1A Subfamily
This subfamily is responsible for the activation of carcinogenic agents and consists 
of CYP IA1 and CYP IA2 . CYP IA1 is detected mainly after induction by PAHs and 
has a high capacity to oxidize PAHs. On the other hand, CYP IA2 is constitutive, can 
also be induced by PAHs and has a high substrate specifity towards arylamines 
(Butler et. al., 1992).
The CYP IA1 and CYPIA2 genes have been isolated and their sequences are 
known for the rat, mouse and human, each gene having 7 exons (Gonzalez, 1990). 
The regulation of the CYP IA1 gene has been extensively studied, and is induced in 
nearly all tissues examined. Induction of transcription is regulated by factors located 
upstream from the transcription initiation site and involves the Ah receptor 
(Chaloupkaet al., 1994).
CYP1B Subfamily
This subfamily was discovery relatively recently and its expression is also under the 
control of the Ah receptor (IPCS, 1998). Only limited information is available on its 
expression and catalytic properties in different tissues. A number of PAHs act as 
substrates for these enzymes (Shen et al., 1994) and they are present in several 
human tissues (Sutter et al., 1994).
other P450. Families
The CYP2, CYP3 and CYP4 families metabolize many structurally diverse 
xenobiotics and endogenous substrates (Hietenen, 1980; Shimada et al., 1989; 
Shou et al., 1994; Hodgson and Levi, 1994; Li et al., 1995). Some of the isozymes 
of CYP2 andCYP3 families are important in steroid hormone metabolism including 
testosterone, progesterone and androstenedione (Levin et al., 1987; Clarke, 1998). 
The CYP4 family includes the isozymes that oxidize fatty acids such as lauric and 
arachidonic acids as well as prostaglandins (Orellana et al., 1989; Adonis et. al, 
1997; Clarke, 1998).
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Alterations in the tissue composition of different cytochrome P450 isozymes might 
result in changes in the oxidative activity of the monooxygenase system and these 
changes might modify: the toxicity and therapeutic efficacy of drugs, the process of 
activation / inactivation of pro-carcinogenic agents and physiological functions.
PAHs are metabolized by the MFO and epoxide hydrase to: phenols, dihydrodiols, 
epoxides, quinones, diol-epoxide and tetroles mainly by CYPIA1 and CYPIA2 and by 
Phase II enzymes to several conjugated metabolites (Gonzalez, 1990). Most 
metabolites are excreted, but did epoxides are very reactive electrophilic 
metabolites that bind to macromolecules such as DNA, generating mutations that 
can lead to cellular damage, mutagenicity and carcinogenicity (Conney et al., 1987). 
The mechanisms of PAH activation have been extensively studied, and are known 
to involve bay region epoxidation in conformationally hindered positions, often 
followed by a second epoxidation step on the subsequent bay region diol (e.g. 
benzo(a)pyrene 7,8 -diol) to give rise to electrophilic diol epoxides capable of 
interacting covalently with DNA (Jerina et al., 1980)
The metabolism of 1 -nitrobenzo(a)pyrene, a typical nitro-PAH, including both 
oxidation of the aromatic ring system (ring oxidation) and reduction of the nitro 
functional group (nitro reduction) is summarised in Figure 5.
In addition to CYP1A1, CYP1A2 and CYP IB  enzymes other families are able to 
oxidize PAHs, this include CYP2B6 (Morrison et al., 1991), CYP2C9, CYP2C8 (Shou 
et al., 1994) and CYP3A4 (the most abundant CYP enzymes in human liver) (Yun et 
al., 1992).
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Use of Ames Test in Detecting Mutagens
The Ames Salmonella/ mammalian microsome assay (Maron and Ames, 1983) has 
provided a rapid, cost effective, in vitro screening method for mutagen detection, 
and has been the major mutagenicity assay used for the evaluation of samples from 
airborne particulate. The application of this assay with different tester strains, used 
in the presence and in the absence of a mammaliam metabolic activation system 
(P450 monoxygenases system, MFO) is useful for obtaining an initial 
characterization of the potential carcinogenicity of urban air samples and their 
possible risk to human health. In recente years the Ames test has been used in the 
evaluation of the mutagenicity of air pollutants in different cities (Crebelli et al. 1988, 
DeMarini et al., 1994)
Indoor Air Quality
Many investigations have been carried out to examine the effects of atmospheric 
pollution on human health, but little is known about the effect of outdoor air 
infiltration on indoor air quality. Such an effect from outdoor air might be important 
as it produces problems in urban areas with high levels of atmospheric pollution, 
especially in developing countries.
During this century, dramatic episodes of excess of mortality caused by 
environmental pollution have clearly established that atmospheric pollution can 
adversely affect human health (Ostro et al., 1996, Choudhury et al., 1997; Burnett et 
al. 1997). Indoor pollution can represent a potential risk for human health if it is 
considered that, in general, individuals spend more than 80% of their time in indoor 
environments and 60% of this in their homes. Children, pregnant women, the sick 
and the elderly constitute the population groups most susceptible to the effects of 
indoor pollution (Spengler and Sexton., 1983; Jones, 1998; Jedrychowski and 
Flak,1998).
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Indoor air contains a large variety of pollutants which are released from several 
sources. Their concentrations usually vary in time and space depending on the 
diversity and intermittance of the sources and on the presence of adsorbing 
materials. When ventilation systems are absent or operate badly, pollutants tend to 
accumulate and may reach levels which exceed health standards, thus becoming 
potentially dangerous to human health. Indoor pollution is a problem which can 
particularly affect human health in Latin America. In poorer countries indoor pollution 
is mainly due to the daily activities of cooking and heating, with fuels such as 
kerosene, firewood, coal and gas, which are emitters of high toxicity pollutants, that 
can greatly surpass the standards recommended by WHO (Gil et. al., 1997; Adonis 
et. al., 1995; Wallace et. al., 1985, WHO, 1983, 1986). Additionally, in the large 
cities of developing countries, an important source of indoor pollution consists of 
infiltrated outdoor air (which is frequently of poor quality), containing hundreds of 
substances hazardous to human health.
The concentrations of indoor pollutants vary widely, depending on factors such as: 
(1) the emission and adsorption rate of each pollutant; (2) the efficiency of the 
ventilation and filtration systems; (3) the rate with which a particular pollutant reacts 
with other pollutants; (4) quality and infiltration of outdoor air; (5) mechanical 
removal of the pollutants adsorbed on walls, curtains, etc. (Adonis et. al., 1995; 
Samet et. al., 1987).
There is a great variety of emission sources of indoor pollutants, amongst which are 
outdoor air (Gil et al., 1997), building and decorating materials, chemicals used for 
sanitation, heating systems, photocopy systems, pets, tobacco smoke and outdoor 
infiltrated air (Spengler and Sexton, 1983; Brunekreef et. al., 1989; Cone and 
Hodgson, 1989; Gil and Adonis, 1996; Jarvis et. al., 1998; Pino et. al., 1998). 
Furthermore, the type and quality of the fuels used in heating (gas, firewood, 
kerosene, coal, and others) and kitchen systems have a strong bearing on the 
quality of indoor air (Leaderer, 1982). The main pollutants found in indoor 
environments are PAHs (lARC, 1983, 1986, 1989), volatile organic compounds 
(VOCs), carbon monoxide (CO), sulphur dioxide (SO2), nitrogen oxides (NOx) and 
particulate matter. Particulate matter adsorbs many of these pollutants (Samet et. 
al., 1987).
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Although these pollutants may be generated indoors, they can also be infiltrated 
from outdoors, especially in households in which insulation conditions are poor, as is 
the case of light construction in extreme poverty sectors.
In the city of Santiago there has been a dramatic increase in the frequency of 
respiratory diseases in winter such as pneumonia, bronchitis, asthma and pulmonary 
emphysema, affecting mainly the most susceptible groups of children, persons with 
respiratory diseases and the elderly (Ostro at al., 1996). The health situation during 
atmospheric pollution emergencies in extreme poverty areas is particularly of 
concern, because people live in small unventilated houses, in overcrowded 
conditions and suffer from a lack of hygiene.
According to 1998 data from the Health Ministry for periods of high pollution 6 % of 
the pediatric attentions for respiratory diseases were for broncopneumonia, 35% for 
bronchial obstructive syndrome, and 50 % for lower respiratory tract disease. Even 
in summer 44% of hospitals pediatrics attentions are for respiratory diseases 
(Informe Comision Vigilancia Epidemiologica IRA, Ministerio de Salud, 1998).
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PROJECT OBJECTIVES
GENERAL OBJECTIVES
1. Identification and quantification of PAHs and their derivatives, which are present 
in Santiago's airborne particulate matter. This information will be used to 
evaluate the seasonal variation, the possible contribution of various emissions 
sources, as well as the efficiency of the measures that have been taken to 
reduce air pollution.
2. To assess the mutagenic activity of organic extracts from airborne particles.
3. To undertake biochemical and toxicological studies on environmental pollutants in
experimental animals.
SPECIFIC OBJECTIVES
(a) To determine the chemical composition of PAH mixtures inhaled by Santiago's 
inhabitants and to evaluate their direct and indirect mutagenicity.
(b) To study the ability of pollutant mixtures to induce P450 isozymes that 
participate in the process of inactivation and of activation of procarcinogenic 
agents.
(c) To identify the presence of PAH-DNA adducts and to determine the specific 
pollutants that are responsible for the genetic damage.
(d) To study the incidence of outdoor infiltration on indoor air quality in dowtown 
Santiago.
(e) To investigate indoor air quality in zones of extreme poverty and to evaluate the 
use of fuels that release pollutants of high risk to human health.
CHAPTER 2
MATERIALS
AND
METHODS
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MATERIALS
A. Reagents
Solvents:
Acetonitrile, Cyclohexane, Dichloromethane, Ethyl Acetate and Methanol, were 
obtained from Merck Chile.
Chemicals:
Ammonium Persulphate, Ammonium Acetate, Ampicillin Sodium Salt, Biotin, Calcium 
Carbonate, Calcium Chloride, Citric Acid, Dimethyl sulfoxide, EDTA 
(Ethylenediamine tetraacetic acid), Ellagic Acid, Glucose-6-Phosphate, Histidinol, 
Hydrocortisone, Insuline, L-Histidine, Sigma 7-9 (Tris-hydrxymethyl amino-methane), 
N',N'-Methyl-ene-bis-Acrylamde, Magnesium chloride, Magnesium Sulphate, 
Streptomycin sulphate, Hygromycin B, L-15 Medium Leibovitz, Penicillin G, 
Ampicilline, Insulin, B-Nicotinamide Adenine Dinucleotide Phosphate, reduced 
(NADPH), Potassium Acetate, Potassium Phosphate, Potassium Chloride, Perchloric 
Acid, Sodium Bicarbonate, Sodium Chloride, Sodium Phosphate, Sucrose, Sodium 
Hydroxide, Sodium Ammonium Phosphate, Sodium Succinate, Tryptose Phosphate 
Broth, were obtained from Sigma Chemical Co. (St. Louis, USA). HPLC columns and 
standard mixture from Supelco, Inc. /\TP  from Amersham Life Science, Agar 
Bacto from Difco, Nutrient Broth N°2 from Oxoid Ltd.
B. Proteins
Collagenase Hepatocyte from Gibco BRL, Lysozyme from Sigma Chemical Co. (St. 
Louis, USA), Micrococcal endonuclease, Phosphodiesterase Calf Spleen from 
Calbiochem.
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C. Biological Material
The strains tested were TA98, TA100, TA98 NR and TA98 /1,8DNP6. The strain 
TA98 was kindly supplied by Dr. B.N. Ames, University of Berkeley, Calif., USA. The 
nitropyrene resistant strains TA98 NR (deficient in nitroreduction) and TA98/1,8 
DNP6 (deficient in nitroreduction and hydroxylamine estérification) were provided by 
Dr. H.S. Rosenkranz, Case Wester Reserve University, Cleveland, OH, and by Dr. 
Costa loannides. University of Surrey, Guildford, England, respectively.
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METHODS 
Outdoor Studies
Samplino and Sample Preparation
Total Suspended Particulate (TSP)
Total suspended particles (TSP) were collected in one of the monitoring net system 
stations (MACAM) onto glass fibre filters (Whatman 65 A) using a High Vol sampler 
(general metal Work GMY, L-2000 H), as described in Gil and Adonis, 1996. The 
sampler was placed at a height of 2 m above the ground. The filters were removed 
every 24 h and stored in the dark at -20 °C. The volume of air sampled ranged 
between 1,223 and 2,481 m^/day. Before use, the filters were kept for 24 h in a 
desiccator at room temperature. The amount of particulate matter trapped on the 
filters was evaluated by weighing filters before and after use.
Collection ofRespirable Particulate Matter (PMio)
Respirable particulate matter (PMio) was collected daily in four of the monitoring net 
system stations (MACAM) onto Teflon filters (37 mm) using a Dicotomic sampler 
(Sierra Andersen 244) placed at a height of 2 m above the ground. The sampler 
allowed the collection of different fractions namely: 2.5 pm (fine fraction) and 2.5-10 
pm (coarse fraction). The volume of air sampled was around 24 m^/day. Before use, 
the filters were kept for 24 h in a desiccator at room temperature. The amount of 
particulate matter was evaluated by weighing filters before and after use.
In order to avoid photo-decomposition of adsorbed pollutants, the following 
operations were performed in a special room illuminated with yellow light. Each filter 
was extracted, under ultrasonic vibration (Braunsonic 1510) three times with 100 ml 
of dichloromethane for TSP and 50 ml of dichloromethane for PM10. Field blanks 
and from rural, non polluted areas (San Felipe and Curacavi) were also extracted 
under the same conditions. The extracts were filtered through Teflon filters to 
remove large particles or fibres and their volume reduced under vacuum to 3 ml with 
a rotary evaporator (Heidoiph WB 2201).
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The resultant extracts were used for high pressure liquid chromatography (HPLC) 
analysis of PAHs, the Ames test, DNA adduct formation, human cell mutagenicity, 
rat treatement and hepatocyte cultures to assess cytochrome P450 induction. 
Samples were concentrated to dryness by evaporation under nitrogen. The fractions 
used for the Ames test, human cell mutagenicity and hepatocytes cultures were re­
dissolved in dimethyl sulphoxide (DMSO) at a concentration of 2 mg/ml (dry weight) 
and kept at -70 °C until tested for mutagenic activity.
Separation and Identification of PAHs
The PAHs adsorbed onto TSP and respirable particles (PMs and PMio) were 
separated and their relative amounts determined using HPLC, as described by Gil 
and Adonis, 1996. The system consisted of a Rheodyne injector, a Merck-Hitachi 
model L-6200 intelligent pump, a Shimadzu model SPD2A variable wavelength UV 
detector, a Waters Assoc, model 430 AC fluorescence detector and a Shimadzu 
Chromatopac model CR 4A integrator. The reverse phase chromatographic analysis 
was carried out in a Supelcosil LC-PAH column (length 25 cm, diameter 4.6 mm) 
with a linear gradient from acetonitrile: water (1:1) to 100% acetonitrile over 16 min, 
which was subsequently held for a further 12 min to complete the programme. The 
flow rate was 2 ml.min-throughout the analysis. PAHs were identified by ultraviolet 
detection at 254 nm and by fluorescence (260-300 nm excitation and 385-455 nm 
emission) with the specific wavelengths depending on the individual PAH.
The identification of the PAHs contained in the samples was carried out by 
comparison of their retention times with those in a standard commercial mixture of 
PAHs and the spectra of standards and samples obtained using a Merck-Hitachi 
model L-4500 diode array detector equipped with a Chem Station DAD Manager 650 
software. The PAHs identified and quantified were naphthalene, acenaphthene, 
acenaphthylene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, 
benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
benzo(a)pyrene, dibenzo(a,h)anthracene, benzo(g,h,i)perylene, and indeno(l,2,3- 
cd)pyrene. Standard compounds were purchased from Supelco, Inc.
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Six of the PAHs identified have been classified as animal carcinogenic agents, 
namely benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluorantene, 
benzo(a)pyrene, dibenzo(a,h)anthracene, and indene(1,2,3-cd)pyrene (IARC,1983) 
(Figure 4).
Mutagenicity Assays
Ames test
Ames test for Total Suspended Particles
The Salmonella/microsome plate incorporation assay was performed using the 
Ames test, in the presence and absence of Aroclor 1254 induced Sprague-Dawley 
rat liver S9 mix prepared as described by Maron and Ames (1983).
The strains tested were TA98, TA100, TA98 NR and TA98 /1,8DNPe. The strain 
TA98 was kindly supplied by Dr. B.N. Ames, University of Berkeley, Calif., USA. The 
nitropyrene resistant strains TA98 NR (deficient in nitroreduction) and TA98/1,8 
DNP6 (deficient in nitroreduction and hydroxylamine estérification) were provided by 
Dr. H.S. Rosenkranz, Case Wester Reserve University, Cleveland, and by Dr. Costa 
loannides. University of Surrey, Guildford, England, respectively.
The TA98 and TA100 contain the R-factor plasmid, pKMIOI, that increases 
chemical and spontaneous mutagenesis. TA98 contains the frameshift allele 
hisD3052 coding for histidinol dehydrogenase which is sensitive and specific for the 
identification of hostpot mutations.
TA100 contains the base-substitution allele hisG46, coding for the first enzyme of 
histidine biosynthesis, and detects mutagens that cause base-pair substitutions, 
predominantly G-C pairs. Strain TA98NR, a nitroreductase-deficient derivative of 
TA98 isolated as a nitrofuran resistant mutant, was used for detecting the 
mutagenicity of nitroarenes which are activated directly to mutagens by the classical 
bacterial nitroreductase. Strain TA98/1,8-DNPe is resistant to the mutagenicity of 
compounds such as 1,8-dinitropyrene because it lacks an estérification anzyme 
(transacetylase). These strains were used to estimate the contribution made by 
PAHs and nitroaromatics.
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Exogenous metabolic activation was prepared from liver post-mitochondrial fraction 
(S9), and obtained from Sprague-Dawley (University of Chile Breeders) pretreated 
with Aroclor 1254, as described in Ames et al., 1975, based on the procedure of 
Garner et al. (1972). Sprague-Dawley male rats weighing approximately 200 g. 
Aroclor 1254 was diluted in corn oil to a concentration of 200 mg/ml and a single i.p. 
injection of 500 mg/kg was administrated to each rat 5 days before sacrifice. All 
steps of the procedure were carried out at 0-4 °C, sterile solutions and glassware. 
To insure a clean S9 preparation, the livers must be removed aseptically using 
sterile surgical tools (Maron and Ames, 1983). The washed livers were transferred to 
a beaker containing 3 vol of KOI and minced with sterile scissors, and homogenized. 
The homogenate was centrifuged at 9,000 g /10 min and the supernatant (the S9 
fraction), was decanted. Sterility of the preparation was determined by plating 0.1 ml 
on minimal agar containing histidine and biotin. The 89 mix contained 20% of the 
hepatic 89 fraction (1 mg/plate of microsomal protein).
The organic extracts were each re-suspended in D M 80 and tested at five 
concentrations (10-200 ug/plate) in triplicate, both with and without microsomal 
activation fraction. The 89 mixes contained 20% of the hepatic 89 fraction 
(1 mg/plate of microsomal protein). Revertant colonies were scored after 72 h 
incubation at 37 °C.
All assays included both positive and negative controls. 2-aminoanthracene (0.5 
ug/plate) with 89 was used as a positive control in the presence of 89 for the strains 
TA98 (278 +14 revertants/plate) and TA100 (296 +16 revertants/plate). 2- 
nitrofluorene (3 ug/plate) without 89 was used as positive control -89  for the strain 
TA98 (281 +13 revertants/plate), TA98 NR (13 +5 revertants/plate) and TA98/1,8- 
DNP6 (16 +8 revertants/plate). 8 odium azide (5 ug), without 89, was used as a 
positive control in the absence of 89 for the strain TA100 (280 +22 revertants/plate).
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Composite extracts of the filter blanks as well as solvent blank (100 pi DMSO), with 
and without metabolic activation, were tested as negative controls. Spontaneous 
reversion frequency without 89 were 1 0 + 1  (TA98), 1 3 + 5  (TA98 NR), 1 6 + 8  
(TA98/1,8-DNP6) and 98 +38 (TA100) revertants/plate. Spontaneous reversion 
frequency with 89 were 2 8 + 2  and 120 + 28 revertants/plate for the strains TA98 
and TA100, respectively.
Least-squares analysis was used to evaluate the slope of the linear portion of the 
dose-response curves, including the zero dose. Results are expressed as revertant 
colonies/m^ of sampled air. Positive mutagenicity was defined by at least a two-fold 
increase in reversion frequency above the blank in a dose-response relationship.
Ames test for Respirable Particulate Matter
All mutagenicity testing was accomplished using the frameshift tester strain TA98 
with and without aroclor 1254 induced 8 prague-Dawley rat liver 89 mix, as 
described by Kado et al. (1986). Cells were concentrated by centrifugation 
(aproximately 1 xIO^o cells per ml) and resuspended in ice cold Oxoid Nutrient 
broth. The microsuspension procedure was performed with 0.1 ml 89 mix, 25 ul of 
D M 80  containing the test samples, and 0.1 ml of concentrated bacteria. The tubes 
were incubated for 90 min. in the dark at 37 °C with shaking. After ths incubation 
period, the tubes were placed in an ice-water bath, removed from the ice bath, and 
added to 2 ml of molten top agar containing 90 nmol of both histidine and biotin. 
The molten suspensions were poured onto glucose plates and incubated at 37 °C in 
the dark for 72 hr and were normally counted.
Ames test with different post-mitochondrial preparations isolated from rats
The Ames test was performed as previously was described with hepatic post- 
mitochondrial supernatant (9000xg supernatant, 89 fraction) prepared from normal 
nourished and malourished 8 prague-Dawley rats pretreated with Aroclor 1254 and 
organic extracts from T8 P. The 89 mixes contained 20% of hepatic 89  fractions (1 
mg of microsomal protein /  plate).
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The CYP1A1 levels in S9 fractions from of different groups were carried out by an 
inmunochemical ELISA system (Amersham Intenational Life Science).
Inhibition of mutagenicity (strain TA96) produced bv TSP organic extracts by efiaaic 
acid
For the mutagenicity assay, the method of Maron and Ames was used as described 
previously. The antimutagenic effect of ellagic acid produced by TSP organic 
extracts was investigated with 8 . tvohimurium TA98 as described Wood et al. (1982) 
in the presence and absence of 89 fraction. For the Ames test, phosphate buffered 
saline or 89 fraction (0.5 ml, 1 mg/plate of microsomal protein), bacterial culture 
(0.1 ml, 1 xIO 8 cells) and ellagic acid (2.0, 5.1 and 8.6 nmol) were incubated at 
37°C for 3 min. The organic extracts (25 or 100 mg) were then added and the tubes 
incubated for a further 5 min. Top agar (2 ml) was added and the mixtures were 
plated.
To estimate the antimutagenic potential of ellagic acid, the antimutagenic activity 
was calculated from the following equation as described Sato et al. (1990).
Antimutagenic activity = 1 - fSl - FN1
[P] - [N]
8 , number of revertants when the organic extract and ellagic acid were added to 
TA98 simultaneously.
N, number of spontaneous revertants
P, number of revertants produced by organic extracts
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Human cell mutagenicity assay
Airborne particles were suspended in DMSO and mutagenicity was measured at the 
thymidine kinase (tk) locus in h1A1v2 cells (developed by GENTEST) after 72 hours 
exposure. h1A1v2 cells are AHH-1 TK+ cells bearing the plasmid pHSRAA. The 
plasmid pHSRAA contains two copies of the human CYP1A1 cDNA and confers 
resistance to 1-histidinol. CYP1A1 is the P450 with the highest known capability to 
activate PAHs, which leads to a sensitive human cell assay. AHH-1 TK+ is a human 
lymphoblastoid cell line which contains constitutive CYP1A1 activity and is suitable 
for use in gene locus mutation assays (Busby et al., 1997; Crespi et al., 1985).
In the mutagenicity assay protocol, 1.8 xIO® exponentially growing cells per 12 ml 
replicate culture were exposed to the test substance for 72 hours. After treatment, 
each entire culture was then centrifuged and resuspended in fresh media (30 ml) 
and cultured for 24 h prior to dilution. The cultures were then counted and diluted to 
80 ml at 2x10  ^ cells/ml. After 3 day phenotypic expression period, cultures were 
plated in the presence of 4 ug/ml of trifluorothymidine (selective conditions) (3x 96 
well microtiter plates, 20,000 cells per well) and in the absence of selective 
conditions (2x 96 well microtiter plates, 2 cells per well). The positive control was 1.0 
ug/ml benzo(a)pyrene. The observed mutant fractions for the positive and negative 
controls were within the acceptable range in this assay (227 +14.7 positive control 
and 25.4 +7.15 historical negative control).
Each experiment with both cell assays consisted of triplicate concentrations of test 
samples in four doses; 3.13, 6.3, 12.5 and 25 pg/ml. Toxicity (relative survival) of the 
test compounds was estimated by measuring the cumulative growth of the cultures 
from the beginning of treatment until plating by dividing the growth of the treated 
cultures by the cumulative growth of the negative control cultures. The plating 
efficiency (PE) and observed mutant fraction (MF) were calculated for each culture 
from the fraction of wells without colonies using the Poisson distribution. The PE is 
the ability of a low cell density population to form colonies and MF is the fraction of 
cells capable of forming colonies in the presence of the selective agent 
(trifluorothymidine) divided by the PE (the fraction of cells capable of forming 
colonies).
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A mutagenic response is defined on the basis of two statistical criteria (Hannigan et 
al., 1997). For a test substance to be defined as mutagenic, a mean MF must be 
greater than the 99% upper confidence interval (UCI) of the historical negative 
control data base and also greater than concurrent negative controls at the 95% 
confidence level. The mean mutant fraction for each test condition was compared to 
the concurrent (Dunnett t-test, p=0.05) (Dunnett, 1955) and the 99% UCI (Mean 
mutant fraction= 21.4x10”® + 7.15x10”®). If no mean MF fulfills both of these criteria, 
then the response is defined as non-mutagenic.
32P-Postlabeled DNA Adducts of Nitrated PAHs bv HPLC
The generation of NO2-PAH-DNA adducts through xanthine oxidase-catalyzed 
nitroreduction of nitro-PAH was carried as described in Gallager et al. (1993) and 
Howard and Beland (1982). Solutions containing 50 mM potassium phosphate buffer 
(pH 5.8), 3.7 mM hypoxanthine. Calf thymus DNA (CT DNA) (1 mg/ml) and the 
pollutant samples were purged of oxygen by allowing the solution to sit overnight in 
an anaerobic chamber (10% H2, 85% N2, and 5% CO2). Xanthine oxidase was 
placed in the chamber the following morning, purged of oxygen for 2 h, and 
subsequenty added (0.5 unit/ml) to the above solution and incubated anaerobically 
for 4 h at 37 °C. The final incubation volume was 2 ml. Samples were removed from 
the anaerobic chamber and placed in a chemical fume hood, and the reaction was 
terminated by the addition of 10 ml of ethyl acetate.
After the 4 h incubation the N02-PAH-modified CT DNA was isolated (Ashby et al., 
1991). The incubates were extracted 3 times with 10 ml ethyl acetate and the 
aqueous portion cooled to 0 °C, and 30 ml of cold ethanol was added slowly. The 
DNA was precipitated, spooled out with a glass rod and washed with 10 ml of 
ethanol, 10 ml of acetone and 10 ml of ether and dried under a stream of nitrogen at 
37 °C. CT DNA modified by the pollutant samples was isolated as described by 
Gupta (1994). The modified DNA samples were resuspended in 2 ml of HPLC-grade 
water and placed in -80 °C freezer until digestion and adduct analysis.
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^^P-posflabeling Analysis
Modified CT DNA (12 mg) was digested to mononucleotides at 37 °C for 3.5 h with 
microccocal nuclease (MN) and spleen phosphodiesterase (SPDE) as described by 
Gallager et al. (1990) and DNA adducts were enriched by a butanol extraction 
method. The samples were subsequently incubated with 50 uCi of ATP (Amersham, 
y_32p_iabelled 3000 Ci/mmol) and 3.5 units of T4 polynucleotide kinase for 30 min, 
and the total incubates were spotted onto PEI -celluloseTLC plates (PEI: 
poly(ethylene imine). The labeled digests were separated by one dimensional PEI- 
cellulose TLC and the isolated adduct spots used for HPLC analysis of ®2p. 
postlabeled adducts (Ashby et al., 1991).
Cytochrome P450 Induction
The induction of cytochrome P450 in hepatocytes and liver microsomes derived from 
malnourished and/or normal rats (CYP1A1, CYP1A2, CYP4A1 and CYP3A4) by 
organic extracts was evaluated by western blotting and by ELISA, as described in 
Adonis et al. (1997).
Western Blot Analyses
Microsomal protein (50pg) from the pooled livers of three rats per group were 
resolved by SDS-PAGE and transferred electrophoretically to nitrocellulose as 
previously described (Adonis et al., 1997). The inmunoblot was carried out with 
sheep anti-rat CYP1A1, CYP1A2, CYP4A1 and CYP3A4 followed by biotinylated 
antibody with streptavidin as substrate for CYP1A1, CYP2A1 and CYP3A4 (ECL 
Western blotting kit Amersham) and peroxidase-linked donkey anti-sheep IgG 
(1:1000) with diaminobenzidine as substrate for CYP4A1 (Amersham).
ELISA analyses
Microsomal protein from the pooled livers of two rats per group or hepatocytes 
(1000 ng for non-induced samples, 125 ng for induced samples) were analysed for 
CYP1A1 ELISA system (Amersham). The ELISA was carried out with sheep anti-rat 
CYP1A1 followed by a secondary anti-rabbit IgG horseradish peroxidase antibody 
conjugate with tetramethylbenzidine (TMB) as substrate.
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Animals for Ames and CYP induction studies
Mature female Wistar rats (180-200 g) (University of Chile Breeders) were used 
throughout and the following groups studied. Normal nourished group: after 
parturition, eight offspring from the same litter were nursed by one mother for 21 
days and for the subsequent 14 days were fed a standard rat diet (Rodent 
Laboratory Chow, Kimber Co., Santiago, Chile) and water ad libitum. Malnourished 
group: protein energy malnutrition was induced by the following experimental model. 
After birth, 16 offspring from the same litter were nursed by one mother for 21 days 
and for the subsequent 14 days were fed a protein free diet, as previously described 
(Salazar et al., 1983).
Composition of protein free diet
Percentage Composition of Diets
Constituent Protein-free diet 
(%)
Glucose 7.8
Vegetable fat 6.3
Com oil 6.3
Potato starch 4.7
Salt mixture (a) 3.1
a-cellulose 3.1
Hydrosoluble vitamins mixture (b) 1.9
Lipid-soluble vitamins mixture(c) 1.3
Sucrose 3.1
Milk cream 31.3
Com starch 31.3
(Salazar et al., 1983)
(a), The mineral mixture contained : CaC03, 30.5%; K2HP04, 32.8%; CaHP04 2H20, 7.6%; NaCI, 
17.0%; MgS04, 10.3%; MnS04, 0.5%; citrate Fe, 1.0%; ZnCI2, 0.08%; CuS04, 0.05%; Kl, 
0.01%%; CoCI2, 0.002%; NaSe03, 0.0005%; NaF, 0.01%.
(b), The hydrosoluble vitamins mixture contained (in g/Kg vitamin mixture): choline chloride, 31.5; p- 
aminobenzoic acid, 15.76; inositol, 3.15; nicotinic acid, 1.58; pantothenate calcium, 0.79; 
rivoflavin, 0.79; thiamine HOI, 0.63; vitamin 812, 0.002; com flour, 945.8.
(c). The lipid-soluble vitamins mixture contained (in g/Kg vitamin mixture): retinol, 0.43; vitamin D2, 
0.0007; a-tocopherol, 47.60; vitamin K, 0.048; com flour, 951.9.
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Rat liver microsomes
Thirty-five day-old control (90-100 g) and malnourished (20-22 g) rats were killed by 
decapitation 48 h after a single intraperitoneal injection of particulate extract (40 
mg/kg), using corn oil as vehicle. Control animals (normal or malnourished) received 
a single dose of corn oil. After killing, the livers were removed, perfused wih 10 mM 
Tris-HCI 40mM NaCI (pH 8.0), weighed, homogenized in ice cold 100 mM Tris-HCI 5 
mM EDTA (pH 7.5) and microsomes isolated by differential ultracentrifugaton 
(loannides and Parke, 1975). Microsomes were resuspended in 10 mM Tris-HCI 5 
mM EDTA (pH 7.5) to a concentration of 1-2 mg protein/ml, protein concentrations 
being determined by the method of Lowry et al. (1951) using bovine serum albumin 
as standard.
Hepatocvte culture
Primary culture
Hepatocytes were isolated aseptically from the livers of male Wistar rats (90-100 g) 
(University of Chile Breeders) by an in situ collagenase perfusion method based on 
that of Seglen (Seglen, 1976). Rats were anesthetized by the inhalation of ether. 
Initial washout was then performed by perfusing the liver for 10 min. at a rate of 40 
ml/m in. with phosphate buffer Krebs-Ringer (pH 7.4, free Calcium). Upon
completion of the initial washout, the liver was then perfused at a rate of 10 ml/m in 
for 10 min with 0.05% Type IV collagenase (Sigma Chemical Co., St. Louis) in 
Leibovitz medium (L I5) (Sigma Chemical Co., St. Louis) supplemented with 
gentamycin. All perfusion solutions were maintained at 37°C water bath and 
continuously equilibrated with 5% CO2 and air throughout the procedure. The
collagenase solution was prepared fresh each day and sterilized by passage through 
washed Millipore filters (0.22 pm pore size).
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At the termination of the perfusion, the liver was excised, trimmed, and placed in 50 
ml of fresh Leibovitz medium. The detached cell suspension was filtered through a 
nylon mesh monofilament and centrifuged at 300 rpm for 2 min at 4 °C. The 
supernatant was decanted, leaving the cells in 2 to 4 ml of solution. Fresh complete 
L15 medium (Leibovitz supplemented with 8.5% (v/v) foetal bovine serum, insulin 
(10-® M), penicillin G (41.3 lU/ml), streptomycin (8.2 ug/ml), glutamine 241 ug/ml and 
hydrocortisone 10-® M) was added to the cells.
Simultaneous determination of cell viability by Trypan blue exclusion and cell 
number per ml of cell suspension was performed by the method of Waters et al. 
(1975). The recovery of liver cells averaged 300 xIO® cells/liver with the initial 
viability being 87% after 4 h incubation at 37 °C. The nonattached cells were 
removed, resulting in an average attachment efficiency of 50%. The remaining 
attached cells showed a significantly improved viability of 90% and rounded 
morphology. Medium was changed after 4 h and thereafter at 24 h intervals 
throughout the 3 day culture period.
Cells were seeded at 2x10® cells/25 cm^ tissue culture flask (Falcon Plastic) in a 
total volume of 4 ml complete LI 5 medium.
The organic extract (10 to 200 pi) to be studied was added directly into the flask 
with the complete LI 5 medium. The same volumes of solvent (DMSO) were added 
to the control cultures free of organic extracts. After a 72 h exposure period, the 
cells were harvested and microsomal fractions prepared as previously described.
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Indoor Studies
Locations
The study was carried out in two different polluted areas in Santiago city and in one 
rural area near Santiago (Curacavi). Bandera street, in downtown Santiago, is one 
of the the most congested urban streets with considerable vehicular traffic, mainly 
taxis and buses (100% of the latter have diesel engines wich exceed emmision 
controls).
Samples in Bandera street were taken at 14 locations: five were restaurants, six 
offices, two gambling establishments and one a hotel. The last three are called in 
this work as "other places". Of the places sampled, three used a cooking stove every 
day and one an unvented heater. Air was conditioned in all the offices but in only 
one restaurant. As controls, six places at Curacavi (a rural area 45 km west of the 
capital) were monitored (five restaurants and one office). Of these, one had a 
fireplace and all the restaurants used a cooking stove daily. None of the locations 
had air conditioning, but neither was particularly exposed to vehicle exhausts, 
except one restaurant close to a bus terminal.
The second area studied in Santiago was the sectional sector of La Pintana called 
The Castle. La Pintana is located in the southern periphery of Santiago (17 km). It 
has a population of about 220,000 inhabitants and it has been classified by the 
CASEN survey (National Socioeconomic Characterization), as an extreme poverty 
area, with the lowest economic income in Santiago (Carrasco et. al., 1997). In order 
to establish that the group studied corresponded to an extreme poverty zone this 
same survey was applied to 53 houses in order to select the households (24) that 
would participate in the indoor pollution study.
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Monitoring of pollutants in indoor environments
The indoor environments (24 houses in the La Pintana district, five restaurants, six 
offices, two gambling places and one hotel in Bandera street) were studied for 24 
hrs., for the following pollutants; carbon monoxide (CO), sulphur dioxide (SO2), 
respirable particulate matter PMio, polycyclic aromatic hydrocarbons (PAHs) 
adsorbed onto PM10 and PM5. Temperature and humidity were also simultaneously 
recorded. The outdoor monitoring of the same pollutants was carried out 
simultaneously, in the Marcelo Astoreca School, located in the neighborhood of the 
houses studied (400 m.), in Bandera street and in Curacavi.
The monitoring equipment was installed in different offices and in rooms commonly 
used as living rooms and/or dining rooms. During the monitoring hours, an employee 
of the office or a houseskeeper registered the on/off hours of the combustion 
sources, such as the kitchen, heating systems and cigarettes.
Carbon monoxide (CO) and Sulphur Dioxide (SO2)
These gases were measured with a Langan portable monitor in real time (Langan 
Model L15 CO and Langan Model L25 SO2), equipped with an electrochemical 
sensor and data logger. The instruments carry out readings each minute, delivering 
an average of 1440 measurements in 24 hrs.
Collection of Respirable Particulate Matter (PM5 and PM 10)
PM5 particulate matter was collected on Teflon filters, using a Flow Lite portable 
pump with a flow of 2 L/ min., to obtain 2,88 m® as final volume. PM10 particulate 
matter was collected on Teflon filters and was measured in real time with an aerosol 
monitor, brand MIE Model Data RAM (resolution of 0,1 ug/ m® to 400 mg/ m®).
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Nicotine and 3-vinyipyiridine
Nicotine and 3-vinylpyiridine were determined as smoking controls, quantified by 
adsorption on a XAD-4 column, with the help of a Flow Lite portable pump, and a 
flow of 1 L/min during 24 hours. The concentrations of both compounds were 
determined by gas chromatography (GC) according to Hammond et. al., 1987.
Carcinogenic and non carcinogenic PAHs adsorbed onto PMr and PM iq  Respirable 
Particulate M atter.
The PAHs adsorbed onto PM5 and PM10 were separated and determinated using 
HPLC as described by Gil and Adonis (1996). The PAHs identified and quantified 
were: naphthalene, acenaphthene, acenaphthylene, fluorene, phenanthrene, 
anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(a,h) 
anthracene, benzo(ghi)perylene, indeno(1,2,3-cd)pyrene. A standard commercial 
mixture of PAHs was supplied by Supelco, Inc.
Mutagenicity
Mutagenic activity of organic extracts from PM5 was determined by the modified 
Ames test (pre-incubation and micro-suspension test), as described by Kado et al. 
(1986) using S. tvohimurium. strain TA98. The assays were carried out with and 
without a 89 metabolic activation fraction.
Statistic Analysis
The data obtained for indoor pollutant monitoring were compared by random 
variance analysis of one way (ANOVA) and the Tukey test. The data obtained in the 
survey were analyzed using the software Epi Info 6.0. The degree of association 
among the variables and observed effects were analyzed by a chi squared test 
(software Stata version 4.0 for Microsoft Windows).
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Principal Component Analysis(PCs)
The matrix data was formed taking each PAH as a variable. Each variable was 
standardized to a normal distribution (Z; 0,1). The principal components (PCs) were 
computed using the method of eigen-value decomposition of the covariance matrix, 
and a Varimax rotation was applied. The univariate Pearson correlation coefficients 
between the PAHs were also calculated and presented. For data analysis, the 
statistical package Statgraphics was used.
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RESULTS
Outdoor Air
Polycyclic Aromatic Hydrocarbons Content
Guard Column 
Column 
Mobile Phase 
Elution
Gradient Elution 
Flow Rate 
Temperature 
Detector 
Fluorescence
Identification
: Adsorbex SI, Merck 
: Supelcosil LC-PAH (25 cm x 4.5mm)
: Acetonitrile: Water
: 0 -2  min isocratic
: 16-28 min (1 0 0 % acetonitrile)
: 2  ml/min
: Room temperature 
: UV 254 nm 
: 260-300 excitation 
385-455 emission 
: Standard
UV spectrum, Diode Array (Chem Station)
PAHs and their derivatives are air pollutants with a high risk to human health, as a susbtantial 
number of these compounds exhibit carcinogenic activity in expérimentai animals and therefore 
have a high probability of causing the same effect in humans. PAHs are generated by the incomplete 
combustion of fuels such as petrol, diesel, oil, coal, and biomass. The principal sources of PAHs 
emissions are vehicles, tobacco smoking, domestic heating, refuse buming and industrial activities. 
More than a hundred PAHs have been identified in airbome particulate matter (Minoia et ai, 1997: Kuo 
et al., 1998; Monarca et al., 1997), and those which are found with greater frequency in the air of cities 
with high levels of atmospheric pollution are shown in the Figure 4.
lARC has classified the foliowing PAHs as animal carcinogenic agents: benzo (a) anthracene (2A), 
benzo (b) fluoranthene (2B), benzo (k) fluoranthene (2B), benzo (a) pyrene (2A), dibenzo (a,h) 
anthracene (2A), and indene (1.2.3-c,d) pyrene(2B) (IARC,1983). Group 2A, the compound is 
probably carcinogenic to humans; Group 2B, the compound is possibly carcinogenic to humans.
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Detectable amounts of carcinogenic and non carcinogenic PAHs were identified in 
TSP and PM-iq  particles. All profiles for TSP (sample 563) and PM10 (sample 384)
showed several peaks, which were identified as PAHs. Figure 7 shows a UV and 
fluorescence HPLC profile of PAHs adsorbed onto particulate matter from Santiago 
air. as compared to a standard PAH mixture.
Figure 7. HPLC profile of PAHs adsorbed onto particulate matter from Santiago air.
standard UV chromatogram: 
flxcd W L2S4nin
0,08
0,02-9 ji j . ! I I j
0 12 J  Sample UV chromatogram:
: fixed WL254nm
0 , 1 0
< 0 ,06
0 ,0 2
0 ,0 0
2010
Retention Time Retention Time
A; Standard UV chromatogram 
B: Sample (TSP) UV chromatogram 
0: Standard Fluorescence 
D: Sample (TSP) fluorescence chromatogram
HPLC conditions were as described in Materials and Methods and a TSP sample 
was analysed (indicated as "sample" in the chromatograms). PAH abbreviations 
are given in Figure 4.
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By comparison of the retention times (Figure 7) and the UV spectra (Figures 8 and 
9) of the sample and standard, it was concluded that the peaks at 9.08, 10.12, 
11.23, 12.03, 12.81, 15.00, 15.58, 17.23, 18.05, 18.89, 21.01 and 21.65 minutes 
represent fluorene, phenanthrene, anthracene, fluoranthene, pyrene, 
benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
benzo(a)pyrene, benzo(ghi)perylene and indene(123-cd)pyrene, respectively. The 
chromatogram shows another peak non quantified but with a defined spectra, 
corresponding to Benzo(e)pyrene (retention time: 16.95 min.).
PAHs adsorbed onto TSP
Table 4, summarises the mean annual concentrations and ranges for individual 
PAHs adsorbed onto TSP between 1991 and 1996. The highest concentrations were 
observed between 1991 and 1992, whereas 1994, 1995 and 1996 showed the 
lowest levels. Compounds classified as carcinogenic in groups 2A and 2B by W HO  
(defined in Figure 4) represented almost 50% of the total PAH concentrations (data 
not shown).
Table 5 shows the BaP concentration and ranges between 1991 and 1996, during 
the winter period. The highest average levels were obtained during 1991 and 1992. 
The concentration obtained during 1994, 1995 and 1996 were much lower than 
1991 and 1992, although the difference between 1991 and 1996 for TSP of these 
samples was not significant (Table 6). In general the PAH concentrations in TSPs 
derived from Santiago in winter of 1996 are generally in the same order of 
magnitude than particles collected in other cities of the world (Table 7), between 
1983 and 1992. However it is important to note that the levels PAHs associated TSP 
collected during the cold season were 16 and 38 fold higher than Edgbaston/UK 
(Smith and Harrison, 1996) and Newark/USA (Greenberg et al., 1985), respectively.
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Table 5. Benzo(a)pyrene concentrations In TSPs between 1991 and 1996.
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Month/Year 1991 1992 1993 1994 1995 1996
(N) (42) (40) (37) (39) (38) (36)
Benzo(a)pyrene concentrations
Average (Range) (ng/m^)
MAY 17.14 59.23 15.32 2.34 4.69 5.46
(5.24-37.19) (24.57-68.99) (3.96-40.87) (1.58-3.44) (0.50-13.64) (2.05-10.34)
JUNE 43.35 39.75 19.92 2.76 3.00 5.24
(22.19-130.32) (19.64-69.67) (11.67-33.62) (1.98-4.01) (0.83-7.98) (2.32-9.05)
JULY 28.44 48.50 13.64 2.52 4.10 2.27
(7.30-88.49) (30.87-64.99) (6.30-25.13) (0.40-3.89) (2.36-6.24) (0.56-4.560
AUGUST 14.90 37.83 9.37 3.13 2.16 1.82
(4.23-33.48) (6.17-38.48) (3.22-16.14) (1.92-4.12) (0.30-2.89) (0.40-4.50)
N: Indicates the number of individual filters actually analysed
Table?. Comparison of individual PAHs in TSP airborne particles from Santiago Chile (1996),
Edgbaston,UK, Newark, New Jersey, USA and London,UK.
PAHs/ City Edgbaston (a) Newark (b) London SW7 (c) Santiago (d)
Country UK USA UK CHILE
(Year Studied) (1992) (1982/83) (1985/86) (1991) (1996)
Phenanthrene 0.69 ND 0.26 7.25 0.17
Anthracene 0.61 ND 0.32 4.49 0 .0 1
Fluoranthene 1.06 ND 1.27 28.65 1.62
Pyrene 2.36 1.56 1 .0 1 24.36 0.97
Benzo(a)anthracene* 1.48 0.52 0.72 17.50 0.95
Chrysene 2 .2 1 1.47 1.26 21.30 0.73
Benzo(b)fluoranthene* 1.87 0.72 1.43 23.57 2.89
Benzo(k)fluoranthene* 1 .1 2 0.39 0.64 14.81 1.28
Benzo(a)pyrene * 0.73 0.64 1.31 25.85 3.60
Dibenzo(a,h)anthracene* 0.78 ND 0 .1 2 42.80 0.59
Benzo(g,h,i)perylene 1.91 1.03 3.21 36.75 9.45
lndeno(1,2,3-cd)pyrene* 1.95 0 .6 8 1.35 20.56 4.58
Total 16.77 7.01 12.90 267.89 26.84
(a) Smith and Harrison, 1996; (b) Greenberg et al., 1985; (c) Baek et al., 1991; (d) This study. Cold 
season 1996.
Carcinogenic PANs as defined in Figure 4.
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Seasonal Variation in PAH Concentrations in Santiago
In order to investigate the seasonal variation in PAH concentrations, the monitoring 
periods of 1991 and 1996 were classified into two groups each one representing 4 
months. The period January-April corresponds to summer and early autumn, with 
high temperatures (12-33 °C), fairly low humidity (57-76 %RH) and almost no rain, 
particularly between January to March. The period May-August represents mid­
autumn and most of the winter and corresponds to the coldest season of the year, 
with low temperatures (5-15 °C), high humidity (80-84 %RH) and rain.
Concentrations of 16 PAHs determined over the periods May-August were 
substantially higher than for the period January-April in both 1991 and 1996 (Tables 
8 and 9, respectively). The lower mean concentration of carcinogenic PAHs in the 
period January-April compared to the cold period might be due, at least in part, to 
the fact that during summer (January and February) a considerable percentage of 
the total number of cars leave Santiago and industrial activity decreases due to the 
vacational period and atmosphere conditions are usually therefore better than the 
rest of the year.
During 1991 and 1996 the cold/hot season ratios for individual PAHs range from 
0.88 to 7.63 with a mean of 2.87 and 1.00 to 24.33 with a mean of 3.30, respectively, 
which is similar to the ranges reported for several cities in Europe, the USA, 
Australia and Japan (Menichini, 1992). Thus, the relative proportions of individual 
compounds differ significantly between the cold and hot season, possibly reflecting 
changes in PAH emissions sources and atmospheric conditions.
The higher absolute concentrations of PAHs during the cold season might be 
principally related to: (a) the increased emissions from the burning of fossil fuels for 
domestic heating, (b) the inversion temperature layer (which occurs frequently from 
May to August) which inhibits PAHs dispersion, (c) the different vapour pressures of 
various PAHs at ambient temperatures (Grimmer et al.,1981), and (d) their 
susceptibility to photochemical and chemical decomposition.
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Table 8. Concentrations (ng/ m^) of individual PAHs during the hot and cold seasons in TSP 
airborne particles from Santiago Chile (1991).
January-April (n = 31) May-August (n = 42) Ratio
(hot) (cold)
mean range mean range cold/hot
1 Naphthalene 2.9 0.0- 25.2 7.8 0.0- 48.3 2.7
2 Acenaphthylene 2.9 0.0- 22.5 22.3 0.0- 114.7 7.6
3 Acenaphthene 14.1 0.0- 83.0 63.7 0.0- 418.2 4.5
4 Fluorene 2.7 0.0- 17.5 12.8 0.0- 74.0 4.7
5 Phenanthrene 2.8 0.2- 7.6 7.3 0.9- 60.0 2.6
6 Anthracene ' 1.0 0.0- 3.1 4.5 0.0- 12.2 4.3
7 Fluoranthene 8.8 2.2-21.9 28.7 0.0- 95.0 3.2
8 Pyrene 10.0 2.4-61.6 24.4 0.0- 120.6 2.4
9 Benzo(a)anthraoene* 6.6 1.3-15.8 17.5 1.4- 37.3 2.7
10 Chrysene 8.4 2.8- 24.3 21.3 4.2- 97.3 2.5
11 Ben2o(b)fluoranthene* 8.3 1.8- 20.9 23.6 1.7- 75.8 2.9
12 Benzo(k)fiuoranthene* 16.7 1.1-92.7 14.8 2.3- 43.3 0.9
13 Benzo(a)pyrene * 10.5 3.2- 22.7 25.9 4.2-130.3 2.5
14 Dibenzo(a,h)anthracene* 27.0 9.7- 66.8 42.9 14.1-155.4 1.6
15 Benzo(g,h,i)perylene 18.6 5.6- 31.6 36.8 7.5- 140.3 2.0
16 lndeno(1,2,3-od)pyrene* 15.0 3.5-31.9 20.6 1.8- 66.1 1.4
Total 156.2 71.8-299.7 374.5 111.4-1,345.8 2.87
* Carcinogenic PAHs as defined in Figure 4. 
n= Number of individual filters assayed
Table 9. Concentrations (ng/ m^) of individual PAHs during the hot and cold seasons in 
TSP airborne particles from Santiago Chile (1996).
January-April (n = 31) May-August (n = 42) Ratio
(hot) (cold)
mean range mean range cold/hot
1 Naphthalene nd nd nd nd nd
2 Acenaphthylene nd nd nd nd nd
3 Acenaphthene nd nd nd nd nd
4 Fluorene 0.02 0.0- 0.2 0.1 0.0- 1.6 5.0
5 Phenanthrene 0.03 0.0- 0.3 0.2 0.0- 0.7 5.7
6 Anthracene 0.01 0.0- 0.1 0.01 0.0- 0.3 1.0
7 Fluoranthene 0.3 0.0- 1.0 1.6 0.0-27.5 6.0
8 Pyrene 0.2 0.0- 2.3 1.0 0.0- 5.2 6.5
9 Benzo(a)anthracene* 0.4 0.0- 1.7 1.0 0.0- 2.9 2.3
10 Chrysene 0.1 0.0- 0.4 0.7 0.0- 2.3 4.3
11 Benzo(b)fluoranthene* 0.8 0.1- 2.4 2.9 0.4- 7.9 3.6
12 Benzo(k)fluoranthene* 0.4 0.1- 1.3 1.3 0.2- 3.4 3.1
13 Benzo(a)pyrene* 2.1 0.2- 25.4 3.6 0.4-10.3 1.7
14 Dibenzo(a,h)anthracene* 0.04 0.0- 0.3 0.6 0.0- 2.4 14.8
15 Benzo(g,h,i)perylene 2.2 0.0- 9.1 9.5 0.8- 36.2 4.3
16 lndeno(1,2,3-cd)pyrene* 1.7 1.7- 4.0 4.9 0.4- 15.2 2.7
Total 8.1 2.00- 39.2 26.7 34.0- 91.1 3.30
* Carcinogenic PAHs as defined in Figure 4. 
n= Number of individual filters assayed
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Correlations between individual Concentrations
Tables 10 and 11 show the correlation coefficients for concentrations of individual 
PAHs calculated for 97 days sampled during 1991 and 232 days sampled during 
May-August between 1991 and 1996. In the correlation matrix presented in tables 
10 and 11, there are strong correlations for anthracene and phenanthrene, 
benzo(a)pyrene and dibenzo(a,h)anthracene, benzo(a)pyrene and 
benzo(g,h,i)perylene as well as between benzo(g,h,i)perylene and 
dibenzo(a,h)anthracene, all with correlation coefficients higher than 0.90. 
Benzo(a)pyrene also showed very good correlations with phenanthrene and 
anthracene, and chrysene also correlated well with anthracene.
To reduce the number of variables needed to explain the variability of the data set, 
rotated principal component analysis (PCA) was performed. The correlation analysis 
complemented the PC loadings. In this analysis the PCs are the weighted sums of 
the PAHs concentrations, the variance of which indicates their linear 
interdependence. The degree to which variance is concentrated on one or a few 
principal component(s) is a measure of the strength of the linear interdependence of 
concentrations. If the variance is divided equally over all PCs, then there is no linear 
interdependence. The advantage of using PCA is that it allows multidimensional 
data to be projected onto 2 or 3 dimensions in a way that much of the information in 
the original data is retained.
The loadings of the principal components indicate the correlation of each PAH with 
the component showing the contribution of the variable to the variance of that PC so 
that the role of a particular PAH in certain patterns of interdependence can be 
highlighted. The resulting PC patterns for the annual PAH data set are shown in 
Table 12 and 13. In both cases the first three components which have eigen-values 
>1 after Varimax rotation were retained for each data set.
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Table 12. Principal Component Analysis for TSP particulate PAH samples collected in 
downtown Santiago during 1991 (May to August).
PAH PCI PC2 PC3 Communality
1 Naphthalene 0.72 0 .1 0 0.27 0 .8 6
2 Acenaphthylene 0.94 0.18 0.14 0.99
3 Acenaphthene 0.59 0.15 0.64 0.93
4 Fluorene 0.50 0 .6 6 -0 .1 2 0.94
5 Phenanthrene 0.84 -0.45 0.14 0.97
6  Anthracene 0.90 -0 .2 2 0.13 0.99
7 Fluoranthene 0.92 0.06 0.19 0.99
8  Pyrene 0.84 -0.14 0.28 0.94
9 Benzo(a)anthracene* 0.76 0.47 0 .1 0 0.96
10 Chrysene 0.85 -0 .2 1 0.05 0.99
11 Benzo(b)fluoranthene* 0.80 0.26 -0 .2 0 0.97
12 Benzo(k)fluoranthene* 0.57 0.64 -0.39 0.97
13 Benzo(a)pyrene* 0.92 -0 .2 2 -0.19 0.99
14 Dibenzo(a,h)anthracene* 0 .8 6 -0.23 -0.35 0.99
15 Benzo(g,h,i)perylene 0.93 -0.18 -0.25 0.99
16 lndeno(l,2,3-cd)pyrene* 0 .6 6 -0.30 -0.46 0.93
Eigen-value 1 0 .2 1 1.73 1.30
Variance explained 63.80 10.80 8 .1 0
* Carcinogenic PAHs as defined in Figure 4.
The PCA analysis was accomplished with data corresponding to 97 samples.
Table 13. Principal Component Analysis for TSP particulate PAH samples collected in 
downtown Santiago between 1991 and 1996 (May to August).
PAH PCI PC2 PC3 Communality
1 Naphthalene 0.67 -0.03 0.51 0.71
2 Acenaphthylene 0.79 0.35 0.17 0.77
3 Acenaphthene 0.61 0.52 -0.09 0.65
4 Fluorene 0.53 0.42 -0 .2 0 0.49
5 Phenanthrene 0.84 0.17 0 .1 1 0.75
6  Anthracene 0 .8 8 0.19 0.14 0.82
7 Fluoranthene 0.76 0.34 -0.19 0.73
8 Pyrene 0 .8 8 0 .2 1 0 .0 1 0.82
9 Benzo(a)anthracene* 0.16 0 .0 1 -0.35 0.15
10 Chrysene 0.43 -0.39 0.53 0.62
11 Benzo(b)fluoranthene* 0.87 0.16 0.13 0.79
12 Benzo(k)fluoranthene* 0.77 0.19 -0 .1 0 0.64
13 Benzo(a)pyrene* 0.82 -0.28 -0 .0 1 0.75
14 Dibenzo(a,h)anthracene* 0 .8 6 -0.34 -0 .2 0 0.89
15 Benzo(g,h,i)perylene 0.83 -0.39 -0.18 0.87
16 lndeno(l,2,3-cd)pyrene* 0 .6 6 -0.39 -0.44 0.77
Eigen-value 8.64 1.51 1 .1 0
Variance explained 54.00 9.40 6.80
* Carcinogenic PAHs as defined in Figure 4.
The PCA analysis was accomplished with data corresponding to 232 samples.
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The variance explained by the three components is 82.7% and 70,2% of the total 
variance of the data set for 1991 and the May-August period sampled between 
1991 and 1996 , respectively. For 1991 the first component (PCI) represents 
(63.6%) of the total variance of the data set and contains high to moderate loadings 
for low molecular weight PAHs except acenaphthene and fluorene as well as for 
high molecular weight PAHs except benzo(k)fluoranthene and indene(l,2,3- 
cd)pyrene. The second component (PC2) represents 10.8% of the total variance of 
the data set and shows better association with fluorene and benzo(k)fluoranthene. 
Finally, the third component (PC3) represents 8.1% of the variance and shows the 
best correlation with acenaphthene.
For the samples collected during the May-August period between 1991 and 1996 
the first component (PCI) represents (54 .0%) of the total variance of the data set 
and contains moderate loadings for low molecular weight PAHs except fluorene and 
high to moderate loading for high molecular weight PAHs except 
benzo(a)anthracene and chrysene. The second component (PC2) represents 9.4%  
of the total variance of the data set and shows better association with fluorene. 
Finally, the third component (PC3) represents 6.8% of the variance and shows the 
best correlation with chrysene.
PAHs adsorbed onto PMio
Since penetration of the respiratory tract is related to the particle size, the respirable 
fraction is much more important than TSP for human health risk assesment. The 
concentrations of BaP, BghiP, total and carcinogenic PAHs in the respirable fraction 
of airborne particles collected in different areas of Santiago between May and 
August of 1995 and 1996 are shown in Figures 10 and 11, respectively.
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Figure 10. PAHs adsorbed onto  th e  resp irab le particu late m atter from  d ifferen t areas o f Santiago.
Coarse and fine fractions, co llected during M ay-August 1995 w ere separate ly  analysed  
once and added together to  yield th e  above data, thereby constitu ting  resp irab le  
particu late m atter. Data fo r each station are the average o f 8 o rgan ic extracts  derived  
from  446 filte rs collected daily  fo r coarse and fine fractions.
Totsf
IE .Carcinogenic
BghiF
7  ilT
B D 
STATION
BaP: benzo(a)pyrene; BghiP: benzo(ghi)peryene; Total: Total PAHs (16 PAHs analysed) Carcinogenic: 
C arcinogenic PAHs (as defined in Figure 4).
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Figure 11. PAHs adsorbed onto the respirable particulate matter from different areas of Santiago.
Coarse and fine fractions, collected during May-August 1996 were separately analysed 
once and added together to yield the above data, thereby constituting respirable 
particulate matter. Data for each station are the average of 8 organic extracts derived 
from 446 filters collected daily for coarse and fine fractions.
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BaP: benzo(a)pyrene; BghiP: benzo(ghi)peryene; Total: Total PAHs (16 PAHs analysed) Carcinogenic: 
Carcinogenic PAHs (as defined in Figure 4).
The highest concentration of total and carcinogenic PAHs in 1995 were obtained in 
station B (Plaza Italia, 85.5 ng/m^ and 45.1 ng/m^, respectively) and in station D, 
(70.3 ng/m^ and 37.6 ng/m^, respectively). Highest concentrations also were 
obtained in 1996 in station B (45.5 ng/m^ and 29.5 ng/m^, respectively) and in 
station D (38.3 ng/m^ and ng/m^, respectively). The highest concentrations of BaP 
and BghiP in 1995 were obtained in station D (10.7 ng/m^ and 19.0 ng/m^* 
respectively) and B (9.2 ng/m^ and 11.0 ng/m^, respectively). As in previous years, 
the carcinogenic PAHs represented a high proportion of the total PAHs.
66
From Figures 12 and 13 it can be seen that a seasonal effect predominated between 
May and August for both total and carcinogenic PAHs in Station B (Plaza Italia). 
During 1996 the highest concentration for total and carcinogenic PAHs was obtained 
in July ( 85.3 ng/m^ and 58.9 ng/m^, respectively). Concentrations of the 16 PAHs 
determined over the periods May-August were substantially higher than for the 
period January-April. The lower mean concentration of carcinogenic PAHs in the 
periods January-April and September-December compared to the cold period might 
be due, at least in part, to the fact that during summer (January and February) a 
considerable percentage of the total number of cars leave Santiago, industrial 
activity decreases and the atmospheric conditions are better. Thus, the relative 
proportions of individual compounds differ significantly between the cold and hot 
season, possibly reflecting changes in PAH emission sources and atmospheric 
conditions.
Figure 12 Total and carcinogenic polycyclic aromatic hydrocarbons adsorbed onto the respirable 
particulate matter from station B (Plaza Italia). Coarse and fine fractions, collected 
during 1996 were separately analysed once and added together to yield the above data, 
thereby constituting respirable particulate matter. Data for each month are the average 
of 2 organic extracts derived from 60-62 filters collected dally for coarse and fine 
fractions.
CO
E
O)c
(0
X<
Q.
TOTAL
QARC.1MQ.QENIQ..
V) o « 0)
3 .Q JQ a
O) E 2 E E
< s uo % Sa. o 0)
0) z o
(0
Total and Carcinogenic PAHs are defined In Figure 4).
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Figure 13 Total polycyclic aromatic hydrocarbons adsorbed onto the respirable particulate matter 
from station B (Plaza Italia). Coarse and fine fractions, collected during April-September 
were separately analysed once and added together to yield the above data, thereby 
constituting respirable particulate matter. Data for each year and month are the average 
of 2 organic extracts derived from 60-62 filters collected daily for coarse and fine 
fractions.
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Total PAHs are defined in Figure 4).
Figure 14 shows the concentrations of carcinogenic and non carcinogenic PAHs in 
the respirable fraction of airborne particles collected in station B throughout 1996. 
The high concentrations of total PAHs obtained between May and July were mainly 
carcinogenic PAHs (28 ng/m^ in May, 22 ng/m^ in June and 59 ng/m^ in July).
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Figure 14. Seasonal variation in carcinogenic and non carcinogenic polycyclic aromatic 
hydrocarbons adsorbed onto the respirable particulate matter. Coarse and fine fractions 
(Plaza Italia station 6,1996) were separately analysed once and added together to yield 
the above data, constituting respirable particulate matter. Data for each month are the 
average of 2 organic extracts derived from 60-62 filters collected daily for coarse and fine 
fractions.
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(Carcinogenic and non carcinogenic PAHs are defined in Figure 4)
The concentrations of carcinogenic PAHs were always equal to or greater than the 
concentrations of non carcinogenic PAHs. The annual average concentration in 
station B during 1996 was 22 ng/m^ for total PAHs and 14 ng/m^ for carcinogenic 
PAHs.
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The distribution of total and carcinogenic PAHs in the fine (<2.5jim diameter) and in 
the coarse fraction (2.5-10 |im) of respirable particles, obtained in station B in the 
period January-December 1996 is show in Figures 15 and 16, respectively. It can be 
observed in both figures that the greater concentration of total (48 ng/m^) and 
carcinogenic PAHs (31 ng/m^) is found in the coarse fraction. The coarse fraction 
accounts for over 75% of the concentration of total and carcinogenic PAHs in 
respirable particles as in previous years.
Figure 15. Distribution of total polycyclic aromatic hydrocarbons in respirable particulate matter 
during 1996. Coarse and fine fracion (Plaza Italia station B) were separately analysed 
once and added together to yield the above data, constituting respirable particulate 
matter. Data for each month are the average of 2 organic extracts derived from 60-62 
filters collected daily for coarse and fine fractions.
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Figure 16. Distribution of carcinogenic polycyclic aromatic hydrocarbons in respirable particulate 
matter during 1996. Coarse and fine fraction (Plaza Italia station B) were separately 
analysed once and added together to yield the above data, constituting respirable 
particulate matter. Data for each month are the average of 2 organic extracts derived 
from 60-62 filters collected daily for coarse and fine fractions.
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Carcinogenic PAHs are defined in Figure 4.
In order to evaluate the quality of Santiago's air related to level of PAHs, the 
average May-August concentrations of BaP, total and carcinogenic PAHs, adsorbed 
onto PMio, between 1992 and 1996 are shown in Figure 17.
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Figure 17. Polycyclic aromatic hydrocarbons, adsorbed onto respirable particulate matter (PMIO) 
between, May-August, 1992 -1996. Plaza Italia station (B). Fine and coarse samples were 
separately analysed once and added together to yield the above data, constituting 
respirable particulate matter. Data for each year are the average of 2 organic extracts 
derived from 60-62 filters collected daily for coarse and fine fractions.
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Carcinogenic and Total PAHs are defined in Figure 4.
The highest concentrations were observed in 1992. The carcinogenic and non 
carcionogenic PAHs levels both clearly decreased in the years 1995 and 1996 
(Figure 17 and Table 14). However, the carcinogenic PAH levels (Table 14) are 
higher than those reported for other countries (Smith and Harrison, 1996; 
Greenberg et al, 1985, Baek et al, 1991; Petry et al., 1996), especially for B(a)P 
(Petry et al., 1996; Müller et al., 1998,, Monarca et al., 1997; Minoia et al., 1997) 
(Figure 18). During 1995 and 1996 (between May -August) the BaP average 
concentrations for PMio were 9.2 ng/m^ and 4.9 ng/m^, respectively (Table 14).
Table 14. Comparison of individual PAHs concentration adsorbed onto 
particulate matter collected in different countries.
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respirable
PAH
(ng/mS)
Chile (a) Switzerland(b) Italy(c)
1992 1994 1995 
Cold season
1996
March
1992
July
1996 
Winter Summer
Naph nd 2.8 nd nd <0.001 <0.001 - -
Acthy 14.0 0.1 8.3 nd <0.001 <0.001 - -
Acethe 18.1 0.5 9.8 nd <0.001 <0.001 - -
Flu 4.5 0.7 1.4 0.1 <0.001 <0.001 - -
Phen 3.2 2.2 0.4 2.7 0.3 0.2 36.0 36.0
Anthr 0.5 1.2 0.2 0.4 0.1 0.02 4.3 2.6
Flur 13.7 12.7 1.7 0.7 0.6 0.2 7.6 4.5
Pyr 13.2 23.6 4.9 0.6 0.6 0.1 7.6 4.5
BaA* 10.4 11.3 5.7 4.8 0.4 0.1 1.2 0.2
Chry 19.2 13.7 1.9 1.3 0.7 0.1 - -
BbF* 23.70 16.5 3.8 4.3 0.8 0.2 - -
BkF* 18.4 8.5 . 7.3 4.3 0.7 0.2 - -
BaP* 34.0 31.5 9.2 4.9 0.6 0.1 1.5 0.3
DahA* 54.5 49.4 8.9 4.5 0.1 0.02 - -
Bghi 44.5 36.7 11.8 7.6 0.8 0.4 4.9 1.5
I123P* 24.2 34.6 10.2 6.7 0.8 0.3 2.9 0.8
* Carcinogenic PAHs (Figure4)
(a) : Santiago-Chlle, cold season between 1992 and 1996. Plaza Italia station (B).
(b) : Optikon, Zurich-Kloten airport (Petry et al., 1996)
(c) : Pavia-ltaly, winter and summer of 1996. (Minoia et al., 1997)
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Figure 18. Comparison of mean BaP concentrations obtained in different urban centres of 
the world.
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(a) Petry et al., 1996; (b) Müller et al., 1998; (c) Monarca et al., 1997; (d) Minoia et al., 1997; (e) This study
Correlations between Individual Concentrations
Table 15 shows the correlation coefficients between concentrations of individual 
PAHs calculated from samples collected during May-August period in the years 
1992, 1994, 1995 and 1996. In the correlation matrix there are strong correlations 
for chrysene, benzo(g,h,i)perylene and the carcinogenic PAHs as well as between 
them all with correlation coefficients higher than 0.90.
The loadings of the principal components indicate the correlations of each PAH with 
the component showing the contribution of the variable to the variance of that PC so 
that the role of a particular PAH in certain patterns of interdependence can be 
investigated. The resulting PC patterns for the annual PAH data set are shown in 
Table 16. In both cases the first three components which have eigen-values >1 after 
varimax rotation were retained for each data set.
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Table 16. Principal Component Analysis: Variable loading data set for PAHs in respirable 
particulate matter, collected in downtown Santiago, between May-August 1992 
and 1996.
PAHs PCI PC2 PCS Communality
Naph 0.653 -0.590 -0.430 0.913
Acthy 0.552 0.797 0.057 0.944
Acethe 0.566 0.793 0.059 0.952
Flu 0.168 -0.275 0.818 0.772
Phen 0.465 -0.343 0.570 0.660
Anthr 0.341 -0.759 0.086 0.699
Flur 0.956 0.114 -0.188 0.963
Pyr 0.814 -0.417 -0.258 0.904
BaA 0.869 -0.049 0.035 0.758
Chry 0.977 -5.309E-3 0.041 0.956
BbF 0.982 0.041 0.112 0.979
BkF 0.867 0.429 0.088 0.943
BaP 0.957 0.037 0.052 0.920
DahA 0.986 -0.080 -0.049 0.981
Bghi 0.979 -4.148E-4 0.019 0.958
I123P 0.802 -0.194 -0.128 0.698
Eigen-value 9.91 2.76 1.34
Variance explained 70.80 19.70 9.76
Individual PAHs are defined in Figure 4.
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Mutagenic activity in air particulate matter in Salmonella tvohvmurium 
Salmonella typhimurium
Histidine-requiring strains;
TA98, TA100, TA98NR or TA98/1,8DNP6
t
Induced
Revertants
Colonies
Fresh liquid culture (37 *C) 
(10 ® cells/ml)
Positive
Control
Neg alive 
Control
I—I + control control
control control
Spontaneous
Reversion
Organic
Extract
Induced
Revertants
Colonies
Spontaneous
Reversion
Not Mutagenic
+89
Indirect
Mutagens
-89
Direct
Mutagens
The Ames Salmonella/ mammalian microsome assay (Maron and Ames,1983) has provided a rapid, 
cost effective, in vitro screenning method for mutagen detection, and has been the major 
mutagenicity assay used for the evaluation of samples from airbome particulate. The application of 
this assay with different tester strains, used in the presence and in the absence of a mammaliam 
metabolic activation system (P450 monoxygenases system, MFO) is useful for obtaining an initial 
characterization of the potential carcinogenicity of urban air samples and their possible risk to human 
health. In recent years the Ames test has been used in the evaluation of the mutagenicity of air 
pollutants in different cities (Crebelli et al., 1988, DeMarini et al., 1994)
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Mutagenicity of TSP Extracts
The same samples previously used in the PAHs analyses (TSP and PMio) were 
studied for mutagenicity in the Ames test with the TA98 strain of S. typhimurium . 
The majority of the samples gave a positive response with and without metabolic 
activation (89) and a representative experiment is shown in Figure 19.
Figure 19. Mutagenic activity of particle extracts.
Comparison of mutagenic activity in air particulate matter. Filters from PM10 were 
extracted with dichloromethane and the organic extractable material assayed for 
mutagenic activity in Salmonella tvohvmurium TA 98 with (A) and without (B) metabolic 
activation (Arcelor 1254-induced rat liver S9). The corresponding controls are shown in 
C (with S9) and D (without S9).
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Figure 20 shows both direct and indirect mutagenic activity of TSP (extracts) 
collected during the cold season (May -August) in 1991. These results suggest the 
presence of direct (nitroarenes and dinitropyrene derivatives) and indirect (PAHs) 
mutagens in these airborne particles.
Figure 20. Mutagenicity of TSP extracts collected in 1991.
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Mutagenic responses Induced in the TA98 strain of S. typhimurium (Plate 
Incorporation method) were determined in the presence and absence of 89 fraction 
derived from organic extracts from TSP collected in Santiago during May to August, 
1991, in the Plaza Italia (Station B). The number of spontaneous revertants was 
subtracted, from the data.
Table 17 shows the average mutagenic activity in the absence of S9 fraction of TSP  
collected during February to September between 1991 and 1995. The highest 
average levels were obtained during the cold season of 1991. The mutagenic 
activities obtained during 1994 and 1995 were much lower than 1991( p=0.0004, p= 
0.0019, respectively) although the mutagenic activitiy obtained during 1995 was 
not different that in 1992 and 1993 (p92/95= 0.1165; p1993/95= 0.3918) and higher 
than published for Oslo, Norway 1982; (revertants/m^ in TA98 were: 0.5-.7.5 (+S9);
1.0 - 12.0 (-S9), (Moller and Alfheim, 1980). The average mutagenic activity 
obtained during 1991, 1992 and 1993 in Santiago was similar to those published for 
Pisa, Italy during 1986-1987; (revertants/m^ in TA98 were 1.0 -65.0 (+S9) and 1.0 -
30.0 -S9) (Barale et al., 1989).
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Table 17. Mutagenic response induced in the TA98 strain of S. typhimurium in the 
absence of S9 fraction by organic extracts from TSP collected during February to 
September between 1991 and 1995.
Month Revertants /m  ^+ SEM
(N) 1990(39) 1991 (66) 1992 (65) 1993 (80) 1994 (70) 1995 (47)
February - 5.69+ 1.71 1.38+ 0.14 7.33+ 1.39 11.43 + 2.19 -
March 11.24 ±_ 2.63 3.35+ 0.85 9.30+ 2.63 20.81+ 4.64 7.14 + 3.89 -
April 31.17±_ 4.91 9.92+ 4.25 24.70+10.76 24.99+ 4.89 7.22 + 3.89 -
May 38.34 + 15.23 84.96 + 28.35 31.88+ 5.30 26.83+ 7.21 11.43 + 2.10 33.09 + 8.09
June 33.67 +_ 5.52 60.75+ 9.87 57.94+ 9.15 29.51+ 2.22 14.60 + 3.60 34.09 + 5.69
July 44.98 +.12.30 75.52+ 13.72 48.48+15.49 35.73+ 6.56 16.18 + 5.72 30.91 +6.80
August 57.98 ±19.34 105.83 + 54.46 33.43+ 8.25 70.24 +23.98 15.57 + 3.12 26.12 + 4.83
September 15.72+ 5.40 9.87+ 1.42 31.97 ++ 2.64 2.81 + 1.27 - 11.76 + 1.88
The number of spontaneous revertants was subtracted from the data. 
The plate incorporation method was used.
Mutagenicity of PMio
Figures 21 and 22 show both direct and indirect mutagenic activity of coarse and 
fine fractions of respirable particulate matter, respectively, collected in Plaza Italia 
Station (Station B), Santiago during 1996. The results obtained showed that 
mutagenic activity was detected in both the absence and presence of the activation 
system (S9) for most of the samples. These results suggest the presence of both 
direct (nitroarenes and dinitroarenes dérivâtes) and indirect (PAHs) mutagens in 
these airborne particles. The latter mutagens are metabolized by the P450 
activation system (generating metabolites of higher toxicity), which would explain the 
mutagenic réponse observed in presence of S9.
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Figure 21. Mutagenicity of coarse particle extracts collected in 1996.
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Mutagenic responses were examined In TA98 strain of S. tvphlmurlum In the presence 
and absence of S9 by organic extracts from coarse fractions (2.5 - 10 pm) of resplrable 
particulate matter, Plaza Italia (Station B), Santiago, 1996. Data for each month 
correspond to 1 organic extract derived from 30-31 filters collected dalrly for coarse 
fraction.
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Figure 22. Mutagenicity of fine particle extracts collected in 1996.
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Mutagenic responses were examined In TA98 strain of S. tvphlmurlum In the presence 
and absence of S9 by organic extracts from fine fractions (2.5pm) of resplrable 
particulate matter, Plaza Italia (Station B), Santiago, 1996. Data for each month 
correspond to 1 organic extract derived from 30-31 filters collected dally for fine fraction.
Furthermore mutagenic activity showed a seasonal effect, similar to that previously 
observed for PAH concentrations. As shown in Figure 23, the highest mutagenicity 
in 1996 was obtaining during the winter months (May -August).
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Figure 23. Seasonal variation in the mutagenicity of fine and coarse particulate matter.
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Mutagenic responses were examined Induced In the TA98 strain of S. tvphlmurlum In 
the presence of 89 by organic extracts from fine and coarse fractions of resplrable 
particulate matter, Plaza Italia (Station B), Chile 1996.
Figures 21,22 and 23 also show that in the absence or presence of S9, the coarse 
respirable fraction exhibits higher mutagenic activity than the fine fraction in the 
winter months.
Tables 18 and 19 show the average mutagenic activity of coarse and fine fraction 
collected during April-September in 1994, 1995 and 1996. The highest mutagenic 
activities with and without S9 were obtained during the winter months of June and 
July. These values are similar to those published in the late 1980s in the USA 
(Kado et al., 1986; Flessel et al., 1987) (Figure 24).
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Table 18 Mutagenicity (presence of 89) of fine and coarse particle extracts in Santiago in 
the winter o f 1995 and 1996.
Month/year 1995
Revertants /m^
1996
Fine Coarse Fine Coarse
April 52 2 1 1 49 152
May 92 564 79 395
June 371 471 180 282
July 439 767 332 632
August 259 773 92 194
September 42 244 39 57
Mutagenic responses (revertants /m^) were determined induced in the TA98 strain of S. tvohimurium 
(Microsuspension procedure) in the presence of 89 by organic extracts from fine and coarse fractions of 
respirable particulate matter, collected during April to September in 1995 and 1996 in Plaza Italia (Station 
B), Santiago.
Data for each year and month and each fraction (fine or coarse) correspond to 1 organic extract derived 
from 30-31 filters collected daily. Filters were collected, extracted and combined into one sample(organic 
extract) for Ames testing. Accordingly, due to this experimental protocol, it was not possible to undertake a 
statistical evaluation of the data. However, because of the large number of filters originally collected, the above 
data will reflect trends.
Table 19 Mutagenicity (absence of 89) of fine and coarse particle extracts in 8 antiago in the 
winter period (1994 -1996).
Month/year 1994
Revertants /m^ 
1995 1996
Fine Coarse Fine 'Coarse Fine Coarse
April - - 232 481 98 249
May 333 682 328 586 186 408
June 389 504 737 1319 289 710
July 399 359 460 695 2 0 1 423
August 235 471 420 991 148 401
September
'
254 335 54 92
Mutagenic responses (revertants /m^) were determined induced in the TA98 strain of S. tvohimurium
(Microsuspension procedure) in the presence of S9 by organic extracts from fine and coarse fractions of 
respirable particulate matter, collected during April to September in 1995 and 1996 in Plaza Italia (Station 
B), Santiago.
Data for each year and month and each fraction (fine or coarse) correspond to 1 organic extract derived 
from 30-31 filters collected daily. Filters were collected, extracted and combined into one sample(organic 
extract) for Ames testing. Accordingly, due to this experimental protocol, it was not possible to undertake a 
statistical evaluation of the data. However, because of the large number of filters originally collected, the above 
data will reflect trends.
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Figure 24. Comparative mutagenicity o f respirable particles in Santiago, Chile and 
California, USA.
Santiago Santiago 
June-1995 June-1996
Martinez Berkeley Rodeo
California, Summer-1982
Mutagenic responses (revertants/m^) were determined in the TA98 strain of ^  
tvohimurium either in the presence or absence of 89 by organic extracts from fine 
fractions (<2.5 pm) of respirable particulate matter. Data was collected in Santiago, 
Chile during July, of 1995 and 1996 in Plaza Italia (Station B) and in three different 
areas of California during 1982. California data are derived from Kado et al., 1986; 
Flessel et al., 1987.
The mutagenic activity detected in the organic extracts from respirable particulate 
matter collected in the Plaza Italia station, Santiago was also detected in the 
respirable fraction of airborne particles collected in different areas of Santiago 
(Figure 25). The highest mutagenic activity, both with and without the activation 
sysytem (S9) was obtained in the B and D stations, during the cold season.
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Figure 25. Mutagenicity of respirable particles extracts in different areas of Santiago, Chile.
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Mutagenic responses (revertants /m^) were determined in the TA98 strain of S. 
tvohimurium in the absence of 89 by organic extracts from coarse fraction (2.5-10 pm) of 
respirable particulate matter. Data was collected in different areas of Santiago, Chile 
between May and September, 1995.
Mutagenicity of organic extracts with other S.tvphimurium strains
Mutagenic activity of TSP in S. typhimurium TA 100
All the organic extracts assayed (38) with the TA100 strain showed mutagenic 
activity both in the presence and absence of metabolic activation (89) (Table 20). 
The mutagenic effect in this strain was not different to strain TA98 (p>0.01). 
Testing with strain TA100 gave a similar linear dose-response curve (results not 
shown).
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Table 20. Comparison of mutagenic responses induced in strain TA100 of ^  
tvohimurium (Plate incorporation method) in the presence and absence of S9 
fraction by organic extracts from TSP collected in Santiago during May and 
September,1995 in Plaza Italia (Station B), Santiago.
Month (N)
TA98
Revertants /m^ + 8 EM
TA100
+89 -89 +89 -89
May (10)
June (9)
July (9)
August (10) 
September (9)
33.6 + 10.6 
33.3 ± 5.2
29.1 + 6.3
26.1 + 4.8 
11.7+ 2.8
33.1 + 8.1 
34.1+ 5.7 
30.9+ 6 .8
26.1 + 15.3 
11.8+ 1.9
31.9 + 8 .6  
30.8 + 3.9 
21.2 + 2.9 
21.0 + 4.7
40.4+ 6.7 
50.6 + 11.8 
33.7+ 7.8 
38.1+ 10.8
N= number of determinations
The number of spontaneous revertants was subtracted.
Comparative mutagenic activity of TSP extracts induced in S. tvohimurium strains 
TA98, TA98 NR and TA98 1,8 D N Pe .
The mutagenic activities of TSP extracts induced in S. tvohimurium strainsTA98, 
TA98NR and TA98 DNPe are shown in Figure 26. Decreases in mutagenicity in the 
nitro-reductase-deficient strains TA98 NR and TA98 1,8 DNPe were observed (70 
% and 80%, respectively). These results demostrate the extreme variability of 
composition of urban particulate matter reflected in variability in the Ames test data 
(Table 21) and suggest a contribution of nitro compounds, possibly derived from 
motor vehicle emmissions.
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Figure 26. Mutagenic activity of TSP extracts collected during 1990 in S. tvohimurium 
TA98, TA98 NR and TA98 1,8 DNPe in the absence of metabolic activation (89).
m
TA98 TA98 NR
p (TA98/NR) = 0.0002
TA98 DNP6
p (TA98/DNP6) = 0.0001
The number of spontaneous revertants was subtracted from the data. 
The plate incorporation method was used and data are presented as the 
mean (revertants/m®) + SEM from 32 determinations.
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Table 21. Comparison of the mutagenic responses induced in of S. tvohimurium. strains 
TA98 NR and TA98 1,8 DNP6  in the presence and absence of 89 by organic 
extracts from T8 P , collected in Santiago, Chile, 1990 in Plaza Italia (Station 
B).
Month (N) Revertants /m^ -  
(Range)
TA98 TA98 NR TA98 1,8DNP^ 
0
April (5) 34.2 + 4.7 7.6 + 4.2 10.89+ 4.5
(21.0-45.8) (nd-19.0) (0.4-21.1)
%of TA98 value 77 6 8
May (7) 38.3 + 15.2 9.9 + 4.4 3.52+ 1.7
(5.1-112.1) (0.7 - 33.4) (0.2 -12.7)
% of TA98 value 74 91
June (4) 33.7 + 5.5 12.1 +5.3 3.1 + 0.7
(24.4-49.1) (4.9 - 27.5) (2.1 - 5.2)
% of TA98 value 64 91
July (8) 45.0 + 12. 4 20.5 + 12.7 1 2 .0  + 2 .6
(15.6 -125.1) (nd -108.1) (0.9-21.0)
% of TA98 value 55 73
August (8 ) 55.8 + 17.2 13.1 +5.8 8.91+2.4
(4.4-161.8) (0.6 - 48.6) (1.5-23.2)
% of TA98 value 76 84
(N): number of determinations
Figures in brackets represent the ranges of mutagenic activities.
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Effect of ellagic acid on the mutagenic activity
Ellagic acid is widely distributed among fruits and vegetables that are regularly 
consumed by humans (Wood et al., 1982) as grapes, certain nuts and strawberry 
(Wood et al., 1982). In addition, different studies have shown that bay region diol 
epoxides of PAHs (Josephy et al., 1990) and, their mutagenic activity can be block 
by natural plant phenols as ellagic acid (Wood et a., 1982; Josephy et al., 1990 
Grüter et al., 1990). For these reasons, I decided to examine the influence of this 
natural compound on organic extract induced mutagenicity.
The dose-dependent inhibitory effects of ellagic acid on the mutagenicity of 100 ug 
and 25 ug of an organic extract of TSP , collected during 1991, in the strain TA98 
with and without 89 mix is shown in the Figure 27 and 28, respectively.
Figure 27. Effect o f ellagic acid on mutagenicity o f particle extracts in presence o f S9 mix.
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Negative Control = 33 revertants/plate. Mutagenic responses were determined in the S. tvohimurium 
strain TA98 in presence of S9, 100 p.g and 25 pg of an organic extract of TSP, collected during month 
1991, with an S9 mix were tested.
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Mutations induced by organic extracts in the presence of an S9 mix were inhibited 
at least a 67% by dose of 5.1 nmol of ellagic acid whereas the mutagenic activities 
induced in the absence of S9 were inhibited with doses higher than 5.1 nmol (Table 
22). The antimutagenic activity of ellagic acid was higher in prescense of S9 mix. In 
my experiments, the ellagic acid doses required for inhibition of mutagenesis are 
larger than those reported previously for the corresponding pure diol epoxide 
(Wood et al., 1982).
Figure 28. Effect o f ellagic acid on mutagenicity o f particle extracts in absence o f S9 mix.
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Negative Control = 23 revertants/plate. Mutagenic responses were determined in the S. tvohimurium 
strain TA98 in absence of S9, 100 pg and 25 ^g of an organic extract of TSP, collected during month 
1991, with an S9 mix were tested.
Table 22.
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Antimutagenic activity of ellagic acid (8.6 nmol) in different organic extracts of 
TSP from Santiago's air.
Sample
Antimutagenic Activity 
+89 -89
13151 0.98 0.74
13155 0.90 0 .6 6
13213 0.87 0.45
13171 0.98 0.73
13193 0.87 0.84
13197 0.97 0.77
Mean + SEM 0.93 0.70
p= 0.003
Mutagenic activation of polycyclic aromatic hydrocarbons adsorbed onto particulate 
matter collected in Santiago Chile by different metabolic activation systems.
In order to investigate the role of cytochrome P450 in the activation of PAHs to 
mutagens, the Ames test was undertaken with hepatic S9 preparations from animals 
derived from different treatments. Table 23 shows the mutagenic responses 
induced in the TA98 strain in the presence of different S9 fraction obtained by 
treating rats with organic extracts 13213 and 13200 from TSP collected during 1991.
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Table 23. Influence of the malnourished state on TSP induced mutagenicity
Hepatic 
S9 preparation 13213
TSP Extracts 
Revertants /m3
13200
CYP1A1
(ug/mg of microsomal protein)
81, Normal 176 65 2 .1 1
82, Normal Aroclor 1254 226 78 63.47
83, Normal /13278 extract 372 89 134.10
84, Malnourished 123 38 0 .6 8
85, Malnourished Aroclor 1254 152 52 na
86, Malnourished / 13278 extract 173 75 54.60
Microsomal protein (125 ng) from the pooled livers of two rats per group were resolved by CYP1A1 ELISA 
system from Amersham. The ELISA was carried out with sheep anti-rat CYP1A1 followed by a secondary anti­
rabbit Ig horseradish peroxidase antibody conjugate with tetramethylbenzidine (TMB) as substrate.
na : not analysed
The data are derived from triplicate determination from 2 pooled 89 preparations
Hepatic preparations from all animals were able to activate the organic extracts to 
mutagens. A doubling of mutagenic response was observed for both organic extracts 
with the hepatic S9 system S3 , compared with the S1 system. Hepatic 89  from 
animals treated with organic extract (S3) exhibited a higher capacity than the hepatic 
S9 from animals treated with Aroclor (S2) in the activation of PAHs from TSP to 
mutagens and can be related to a substantial CYP1A1 induction. The mutagenic 
responses were higher with the 13213 sample due to the higher PAH concentrations 
(data not shown). Hepatic S9 fractions with low CYP1A1 levels (S I and S4) 
showed substantial mutagenic response probably reflecting that more than one 
enzyme system is involved in the bioactivation of this group of carcinogens. The 
malnourished state and organic extract treatment resulted in CYP1A1 induction but 
decreased the mutagenic response.
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The S9 activation system from malnourished rats supported a lower mutagenic 
response than the same fraction from normal rats and they had also a lower 
CYP1A1 content (S4 versus S1). Malnourished rat treatment with organic extracts 
substantially increased the mutagenic responses reaching the levels of mutagenicity 
supported by normal rat S9 with a corresponding dramatic increase in CYP1A1 (80 
fold) (S6 and S1).
Human Cell Mutagenicity
Teflon filte r
Extraction  
o f filter
O rganic extract 
o r BaP o r DMSO  
treatm ent
Exponentially  
growing cells  
1.8x10 6cells/12 ml
Cells resuspended  
in 30 ml fresh m edia  
and cultured fo r 24  hr
Term inate treatm ent 
by centrifuging  
(lOOOxg fo r 5 m in)
Incubation for 
72  hr at 37 ®C
I
Cell culture  
diluted at 
2x10 (& lls /m l
Incubation for
3 days at 37 ®C 
(phenotypic  
expresion period)
Cultured w ere  plated  
in presense and absense  
o f trifluorothym  idine
Toxicity =
(relative survival) 
C um ulative grow th in test 
substance-treated cultures
Cum ulative grow th in th e  
negative control cu ltures
-In
M utant Fraction (M F) =  
n® o f negative m utation p late w ells
n® o f  to ta l m utation p late w ells  
(20,000) (PE)
-In
Plating effic iency (PE)=  
(fraction o f  cells  
capable o f form ing colonies)
n® o f negative PE p late w ells
n® o f to tal PE plate w ells
ZÔ
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The hum an cell m utagen ic ity  o f  particu late m atter co llected  in S antiago  w as stud ied  in th e  th ym id in e  
kinase (tk) locus in hiA 1v2 cells . The hlA1v2 ce lls  are AHH-1 TK+ cells , containing tw o  cop ies o f  th e  
hum an CYP1A1 cD N A  and resistance to  1-h istid ino l. T h e  m utagenic responses using hum an C Y P450 in 
hum an ce lls  in v itro  is ind icative o f  quantitative  hum an tissu e  susceptib ily  to  procarcinogen exposure  
and a llo w  a better es tim ate  o f a  ch em ica l's  adverse b io log ical e ffects  in hum ans.
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The airborne particles from Santiago were clearly mutagenic at the tk locus in 
h1A1v2 cells under the conditions of this assay (Table 24). The responses of 
cultures exposed to all test concentrations were statistically significant both in 
comparison to the historical negative controls and in the comparison to the 
concurrent negative controls.
The toxicity of two PAH samples (13863, 13903) is shown in the Table 24. The 
relative survival of the cultures exposed to the highest test concentration (25 |ig/ml) 
was 0.66 and 0.73 for the samples 13863 and 13903, respectively. Over the 
concentration range studied, there were no apparent dose-response relationships.
Table 24. Dose-dependent mutagenicity o f Santiago's airborne particles at the tk locus in
human h1A1v2  cells.
Concentration of 
Oraanic Extract *
Mutant Fraction (per miilon)
13863 
(% survival)
13903 
(% survival)
3.13 50.4 + 11.6 37.5+ 6.83
(94) (93)
B(a)P concentration
in the organic extract's examined
7.2 x10-4 7.2 xlO-4
6.30 45.1 + 9.6 45.0 + 11.30
(82) (87)
B(a)P 1.4 x10"2 1.5x10-3
12.5 66.9 + 14.6 47.1 + 12.5
(71) (76)
B(a)P 2.7x10-3 2.9x10-3
25.0 66.2+12.4 56.0+ 6.17
(6 6 ) (73)
B(a)P 5.5x10-3 5.8 xlO-3
Benzo(a)pyrene 227 + 14.7 Positive Control
(1 ug/ml) (31)
DMSO 15.6 + 4.03 
(1 0 0 )
Concurrent Negative Control
DMSO 25.4 + 7.15 
(1 0 0 )
Historical Negative Control
* Both pollutant sample (ug/ml) numbers 13863 and 13903 were assayed for B(a)P content (ug/ml) 
by HPLC as described In Materials and Methods and are given in the table. Data are represented
as the mean + SEM for triplicate determinations at each concentration.
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Relationship between PAH concentration, particulate matter and organic extracts 
fron TSP
Organic extracts from airborne particles and TSP correlated with each other and with 
the mutagenicity in the presence and absence of metabolic activation (89), total 
PAHs and individual PAHs. Good correlations were determined between organic 
extracts and total suspended particles (TSP) for all years studied. The correlation 
between organic extracts and airborne particles for the years 1992 and 1996 is 
shown in Figures 29 and 30. The importan conclusion from these correlation studies 
is that not only do the particles contain organic material (mainly PAHs), but the 
presence of more particles means human exposure to more organic matter including 
PAHs and PAHs derivatives. This has very important implications for human health 
risks to the population of Santiago, a concept that will be explored in more detail in 
the Discussion section.
Figure 29. Correlation between organic extract concentrations from airborne particles
and total suspended particles (TSP) collected in Santiago Chile during 1992 in 
Plaza Italia (Station B ).
y = .164x -13.303, R-squared: .655
1u
2 
S
c
(0O)
100
90
80
70
60
50
40
30
20
10
0
o
(□)
, O o o( o (P oo
8
à £ 0 ®
o
() Q o
0
(jW
50 100 150 200 250 300 350 400
Particulate matter (ug/m3)
450 500 550 600
Pearson correlation coeficient= 0.81 (N= 88)
97
Figure 30. Correlation between organic extract concentrations from airborne particles and 
total suspended particles (TSP) collected in Santiago Chile during 1996 in 
Plaza Italia (Station B ).
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No good correlations were obtained between total PAHs and organic extracts and 
TSP, (Pearson correlation coeficients < 0 .1 0  ) and mutagenicity (with and without 
89) (Pearson correlation coeficients < 0.27 and 0,47, respectively). However the 
correlation coeficients between organic extracts and individual PAHs were better 
than the total PAHs for each year studied (Table 25). Relationship were better for 
PAHs with greater than 3 rings. This indicates that these PAHs might be emitted 
from similar sources and might be good indicator compounds in situations where 
traffic is the most main PAH source.
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Table 25. Pearson correlation coefficients fo r organic extracts concentrations from 
airborne particles, TSP and individual PAHs adsorbed onto TSP collected in 
Santiago Chile during 1992 in Plaza Italia (Station B ) .
PAH Organic Extracts TSP
Naphthalene 0.541 0.258
Acenaphthyiene 0.427 0.173
Acenaphthene 0.361 0.243
Fiuorene 0.152 0.213
Phenanthrene 0.505 0.370
Anthracene 0.616 0.426
Fiuoranthene 0.090 0.052
Pyrene 0 .6 6 8 0.451
Benzo(a)anthracene* 0.672 0.429
Chrysene 0.288 0.163
Benzo(b)fluoranthene* 0.679 0.459
Benzo(k)fluoranthene* 0.054 0.158
Benzo(a)pyrene* 0601 0.394
Dibenzo(a,h)anthracene* 0.709 0.531
Benzo(ghl)pery!ene 0.684 0.522
!ndeno(123-cd)pyrene* 0.684 0.239
Carcinogenic PAHs (Figurel)
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Mutagenicity and Cytochrome P-450 hepatic induction by organic extracts from 
airborne particulate matter from Santiago, Chile 
Western Blot Analyses
Streptavidin: 
(CYP1A1.CYP1A2 and CYP3A4 
Diaminobenzidine:
CYP4A1
Inmunoblot
Electophoresis
peroxidase-linked secondary Ab 
I primary Ab to P450 
I I rat P450 isoenzyme
' I
Xenobiotics are metabolized by reactions that are catalyzed by a large variety of enzymes, including 
phase I enzymes which are involved in oxidation, reduction and hydrolysis reactions and phase II 
enzymes which catalyze conjugation reactions (Gibson and Skett, 1994). The most important of 
these enzymes are known as the cytochrome P450 -dependent mixed-funtion oxidase (MFO). The 
MFO is found in most tissues and is particulary active in the liver.
The MFO uses NADPH and molecular oxygen and its activity is modified by various factors such as; 
age, species, sex, hormonal or nutritional status or by exposure to inhibitors or enzymatic inducers.
In recent years it has been established that various isozymes of cytochrome P450 exist, mostly with 
different substrate specificities(Gonzalez and Idle, 1994). P450 isozymes have been classified in 
families and subfamilies. Two isozymes from the CYP1 family, (CYPIA1 and CYPIA2 ), are involved 
in the metabolism of PAHs and their derivatives (Butler et al., 1992). The most important families 
involved in xenobiotic metabolism are: CYP1, CYP2 and CYP3.
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Organic extracts with substantial amount of PAHs, and hence potential biological 
activity (Table 26) were administered to normal and malnourished rats. HPLC 
analyses of these extracts revealed different contents of total PAHs and BaP. The 
BaP concentration was higher in sample 13213 than in sample 13200. Furthermore 
it is clear that there was both a substantial variation in mutagenic activity for both 
direct and indirect (requiring metabolic activation) acting mutagens in these 
particulate extracts.
As shown in Table 26, sample 13200 contained more direct acting mutagens than 
sample 13213 as assessed by the higher mutagenicity in the absence of the S9 
activation system. Although we have not identified the precise nature of the direct 
acting mutagen(s) in these extracts, it is known that nitro-PAHs are ubiquitous, 
directly acting environmental contaminants (lARC, 1989) and may well have 
contributed to the observed direct mutagenicity in our studies.
Previous results from the Chilean laboratory have shown that organic extracts from 
airborne particles administered to both the nourished and malnourished rats, 
resulted in modulation of the hepatic mixed funtion oxidase system, including 
induction of NADPH cytochrome P450 reductase, ethoxyresorufin-O-deethylase 
and aryl hydrocarbon hydroxylase activities (Adonis et al., 1997). To further 
investigate this phenomenon. Western blot analyses were undertaken for CYPs 
IA1, IA2, 3A4and4A1.
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Table 26. Polycyclic aromatic hydrocarbon content of organic extracts from airborne 
particles from Santiago, Chile used for cytochrome P450 induction studies.
PAH 13213
ng /m^
13200
1 Naphthalene nd nd
2 Acenaphthyiene 28.97 nd
3 Acenaphthene 131.95 nd
4 Fiuorene 23.69 8.73
5 Phenanthrene 23.07 7.82
6  Anthracene 3.03 2.05
7 Fiuoranthene 20.24 18.21
8  Pyrene 36.49 15.77
9 Benzo(a)anthracene* 27.55 8.16
10 Chrysene 26.89 11.60
11 Benzo(b)fiuoranthene* 75.63 1 2 .1 2
12 Benzo(k)fiuoranthene* 22.44 8.40
13 Benzo(a)pyrene* 37.19 13.64
14 Dibenzo(a,h)anthracqne* 69.22 28.41
15 Benzo(g,h,i)perylene 62.10 28.9
16 indeno(i,2,3-cd)pyrene* 40.54 13.59
Total 629.80 173.48
Ames revertants /m3 (+89) 156 6 8
Ames revertants /m3 (-89) 26 177
*  Carcinogenic PAHs (Figure 4) 
Data are single determinations 
nd= not detected
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Western blotting for CYP1A1 and CYP1A2 is show in Figures 31 and 32, 
respectively. In inmature nourished rat CYP1A2 is constitutively expressed and 
lower levels are observed in malnourished rats. It should be noted that CYP1A1 is 
substantially induced in both nutritionally normal and malnourished rats with extract 
treatments, with little influence on the levels of CYP1A2 (Quinones and Gil, 1995). 
The induction effect was higher with the organic extract 13213.
Figure 31. Influence of environmental organic pollutant extracts and the malnourished 
state on the expression of CYP1A1 in rat liver microsomes.
Microsomal protein (SOpg) from the pooled livers of three rats per group were resolved 
by SDS-PAGE and transferred electrophoretically to nitrocellulose. The immunoblot 
was carried out with sheep anti-rat CYP1A1 followed by biotinylated antibody with 
streptavidin as substrate.
1: Malnourished rat treated with organic extract 13200; 2: Malnourished rat treated with 
organic extract 13213; 3: Malnourished rat; 4: Normal rat treated with organic extract 
13200; 5: Normal rat treated with organic extract 13213; 6: Normal rats; 7[Positive 
control (microsomes from B-NF treated rat); 8: Molecular standard. Identical amounts 
of microsomal protein (50 pg) were loaded in every lane.
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Figure 32. Influence of environmental organic pollutant extracts and the malnourished
state on the expression of CYP1A2 in rat liver microsomes.
Microsomal protein (50pg) from the pooled livers of three rats per group were resolved 
by SDS-PAGE and transferred electrophoretically to nitrocellulose. The immunoblot 
was carried out with sheep anti-rat CYP1A2 followed by biotinylated antibody with 
streptavidin as substrate.
1: Malnourished rat treated with organic extract 13200; 2: Malnourished rat treated with 
organic extract 13213; 3; Malnourished rat; 4; Normal rat treated with organic extract 
13200; 5: Normal rat treated with organic extract 13213; 6: Normal rats; 7:Positive
control (microsomes from B-NF treated rat); 8: Molecular standard. Identical amounts 
of microsomal protein (50 jig) were loaded in every lane.
In other experiments in this laboratory, the malnourished state significantly 
increased the 12-hydroxylation of lauric acid (three-fold) as compared with the 
normal nourished animals (Adonis et al., 1997). As assessed by Western blot 
analysis CYP 4A1 (the enzyme responsible for lauric acid 12-hydroxylation) 
increased in the malnourished state (Figure 33). This induction of CYP4A1 in 
malnourished animals is in general agreement with previous reports where 
alterations in nutritional status modulates the MFO-dependent metabolism of drugs, 
carcinogens and steroid hormones (Hietenen, 1980; Gil et al., 1988). Malnourished 
and nutritionally normal rats treated with organic extracts had little influence on the 
levels of CYP4A1 expression (Figure 33).
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Figure 33. influence of environmental organic pollutant extracts and the malnourished
state on the expression of CYP4A1 in rat liver microsomes.
Microsomal protein (50]xg) from the pooled livers of three rats per group were resolved 
by SDS-PAGE and transferred electrophoretically to nitrocellulose. The immunoblot 
was carried out with sheep anti-rat CYP4A1 followed by peroxidase-linked donkey anti­
sheep IgG with diaminobenzidine as substrate.
1: Normal rat treated with organic extract 13200; 2: Normal rat treated with organic 
extract 13213; 3: Malnourished rat treated with organic extract 13213; 4: Positive 
control (microsomes from 3- methylchloranthrene treated rat); 5: Normal rats; 6: 
Malnourished rat. Identical amounts of microsomal protein (50 pg) were loaded in every 
lane.
Figure 34 shows the influence of environmental organic extracts and the 
malnourished state on the expresion of CYP3A4 in rat liver microsomes. Adult rat 
liver constitutively expresses CYP3A enzymes. Rat liver microsomes of 
malnourished and nutritionally normal rats treated with the organic extract 13213 did 
not show an inmediately obvious induction by simple inspection of the gel. However 
there may be small inductive effects that cannot be confirmed by visual inspection. 
Unlike induction of CYP1A1, the influence of pollutant extracts on CYP3A4 induction 
was difficult to evaluate. This is because CYP1A1 is not constitutively expresed and 
any induction is easy to detect. Conversely, CYP3A4 is constitutively expressed and 
it is difficult to see any additional level of enzyme expression after extract treatment. 
Therefore it was concluded that the extracts did not cause a substantial induction of 
CYP3A, but there may be a small degree of induction which was difficult to 
determine by visual inspection. If time had permitted, quantitation of CYP3A4 
apoprotein levels would have been attempted either by scanning laser densitometry 
or by ELISA analysis of replicate tissue samples.
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Figure 34. Influence of environmental organic pollutant extracts and the malnourished
state on the expression of CYP3A4 in rat liver microsomes.
Microsomal protein (SOpg) from the pooled livers of three rats per group were resolved 
by SDS-PAGE and transferred electrophoretically to nitrocellulose. The immunoblot 
was carried out with sheep anti-rat CYP3A4 followed by blotinylated antibody with 
streptavidin as substrate.
1:Molecular standard; ; 2: Positive control (microsomes from Dexamethasone treated 
rat); 3: Normal rats; 4: Normal rat treated with organic extract 13213; 5: Normal rat 
treated with organic extract 13200; 6: Malnourished rat; 7:Malnourished rat treated with 
organic extract 13213; 8: Malnourished rat treated with organic extract 13200. Identical 
amounts of microsomal protein (50 p.g) were loaded in every lane.
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CYP1A1 induced in primary cultures of rat hepatocytes
Liver was:
-excised
-trimmed
-placed in fresh CL15 
medium
Collagenase perfusion of livers 
male Wistar rats (90-100 g)
Suspension cell was 
treated with organic 
extracts (37®C/3days) 
Medium was changed at 
24 hr intervals
Culture Cell 
(2x10 ®cells/25cm^ 
37°C/4 hrs
TMB substrate
Viability by 
Trypan blue (87%)
OD 450nm
ELISA
Analyses
Cells were harvested 
and microsomal 
fractions prepared
peroxidase-linked secondary Ab
primary Ab to P450
rat P450 isoenzyme 
1
Studies using the isolated perfused liver and isolated hepatocytes demonstrated that the liver 
metabolizes PAHs at high rates (Kari et al., 1984; Wall et al., 1991). Liver parenchymal cells play an 
essential role in metabolism of both natural and synthetic compounds (Inmon et al., 1981). Target 
tissues (e.g. lung, ovary, colon) for BaP also contain enzymes capable of activiting PAHs (Wattenburg, 
1970); however, maximal activities are one to two orders of magnitude lower than in liver (Kari et al., 
1984). The major routes of oxidative metabolism in the liver, in terms of xenobiotics, involve the 
cytochrome P450 -dependent mixed-funtion oxidase (MFO). Primary culture of adult rat hepatocytes 
would provide a suitable system to investigate cytochrome P450 mediated metabolism / toxicity.
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The recovery of liver cells averaged 300 xIO® cells/liver and the initial viability was 
87% after 4 h incubation at 37 °C. The nonattached cells were removed by medium 
changing, resulting in an average attachment efficiency of 50%. The remaining 
attached cells showed a significantly improved viability of 90% and rounded 
morphology (Figure 35). After 4 h in culture, the cells began to flatten out until 
contact was made with neighboring cells , resulting in sectional monolayers.
Inmunodetection (Western blot and ELISA) of microsomal fractions prepared from 
cultured hepatocytes are shown in Figure 36 and Table 27.
Figure 35. Liver cells 24 h after plating dissociated liver. The cells formed sectional 
monolayers and are cuboidal in shape. Many of the parenchymal cells are 
binucleated which is typical o f parenchymal cells in vivo. Phase contrast x250.
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Figure 36. Inmunodetection of CYP1A1 in rat hepatocytes cultured in the presence o f 100 
ug of organic extracts 13213 and 13200 from TSP, collected in Santiago Chile 
during 1990 in Plaza Italia (Station B).
After 4 hr of culture, hepatocytes were exposed to 100 ug or 25 ug of organic extracts for 
72 hr. Microsomes were prepared after 3 days of culture.
Microsomal protein (50|j.g) from the pooled hepatocytes cultured were resolved by SDS- 
PAGE and transferred electrophoretically to nitrocellulose. The inmunoblot was carried 
out with sheep anti-rat CYP1A1 followed by blotinylated antibody with streptavidin as 
substrate.
1: Normal rat treated with 25 ug organic extract 13200; 2: Normal rat treated with 100 
ug of organic extract 13200; 3: Normal rat treated with 25 ug of organic extract 13213; 
4: Normal rat treated with 100 ug organic extract 13213; 5: Control hepatocytes; 6: 
Positive control (microsomes from B-naphthoflavone treated rat); 7: Molecular 
standard. Identical amounts of microsomal protein (50 jig) were loaded in every lane.
Hepatocytes cultured in the presence of DMSO (control hepatocytes) expressed 
CYP1A1 after 3 days (1.59x10-1 yg /mg of microsomal protein) (Table 27) which was 
non detectable by Western blot analysis, and was substantially induced by both 
organic extracts (particularly organic extract 13213). Western blot results were 
confirmed by ELISA system.
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Table 27. Influence of environmental organic pollutant extracts on the expression of
CYP1A1 in primary rat liver cells.
Hepatocyte culture CYP1A1
ug/mg of microsomal protein
HI 1.59x1 O''
H2 2.68
H3 0.64
Microsomal proteins (125 ng) from the pooled hepatocytes of three per group (H1,H2 and H3) were 
analysed with the CYP1A1 ELISA system from Amersham. The ELISA was carried out with sheep anti­
rat CYP1A1 followed by a secondary anti-rabbit Ig horseradish peroxidase antibody conjugate with 
tetramethylbenzidine (TMB) as substrate. Data are the average of two determinations.
HI: Non induced hepatocytes; H2: hepatocytes induced with 100 ug of organic extract 13213; H3: 
hepatocytes induced with 100 ug of organic extract 13200.
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Nitrated PAHs are emitted from several combustion emission processes (e.g. diesel) and are 
mutagenic and tumorigenic pollutants (Pitts et al., 1978; Schuetzle, 1983). They are also formed in 
ambient air through atmospheric reaction (Lewtas and Nishioka, 1991). Thus, there is interest in 
studying the role nitrated PAH play in human cancer. Nitrated-PAH are present with other PAH, 
therefore it is difficult to ascertain the importance of nitro-PAH relative to other PAH in the cancer 
process. DNA adduct methods provide information about the identity of nitrated PAH DNA reactive 
intermediates relative to other PAH. Covalent binding of the activated metabolites of chemical 
carcinogens to cellular DNA is considered the critical step in the multistage process leading to tumor 
formation (Fu et al., 1994). Organic extracts from Santiago airborne particles were used because 
these contain high concentrations of PAHs and direct mutagenic activity in Salmonella typhlmurium. 
Detection of DNA adducts provides not only direct evidence that the population in Santiago have been 
exposed to specific nitro-PAH, but also potentially high risk of cancer as a result of exposure (Perera, 
1988).
I l l
Detection of PAH-DNA adducts was followed after incubation of calf thymus (CT) 
DNA with organic extracts from airborne particles as described in Materials and 
Methods. Figure 37 shows the HPLC profiles of the major DNA adducts formed 
after incubation of CT DNA with extracts from PM10 and TSP samples. Table 28 
shows the relative retention times of authentic nitropyrene-DNA adducts. From this 
table, it is clear that the RRT are reproducible, but because the RRTs for different 
nitropyrenes partially overlap with each other, it is difficult to unequivocally assign 
specific adducts formed by the extracts (Figure 37).
Figure 37. Representative HPLC profiles of the major DNA adducts formed after 
incubation with PMio and TSP extracts. These profiles are reproducible for 
different particle extracts (data not shown)
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TSP: Anaerobic Incubation 
13-239A +XO+CT DNA
PMIO: Anaerobic Incubation 
June +XO+CT DNA
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Table 28. Relative Retention Time of nitro-PAH standards *
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nitro-PAH Structure RRT RRT
1-nitropyrene
2-nitropyrene
02
N 02
0.95 0.96
0.92 0.95
4-nitropyrene ,  J L Q l 0.96 0.96
,N 02
1,6-dinitropy rene L O m j 1.18 1.25
I Q T
201
1,8-dinitropyrene
N 02
OTO
N 0 2
0.96 0.96
* Data are derived from single determination.
RRT : relative retention time which is defined as the ratio of the retention times of the test and standard 
samples.
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Indoor Air Quality Studies
a
House Office
T
Restaurant
 I
I
Collection of 
PMIO and PM5
Monitoring of 
CO and S02
I
Mutagenicity activity 
PAHs analyses
Carbon Monoxide Levels (CO)
Figure 38 shows the 24 hour levels for CO recorded simultaneously in an office in 
Bandera street and inmediately outdoor, without an air conditioning system. Over a 
24 hour period an excellent correlation was observed between the indoor and 
outdoor levels (r=0.89). Outdoors, the levels increase at the beginning and at the 
end of the working day, suggesting that they are related to traffic and these changes 
almost simultaneously produced an increase in indoor concentrations. The highest 
outdoor value measured was 23 ppm, at 20.04 h, and 6 min later the same value 
was reached indoors. Indoors, the hourly average between 19.00 h and 21.00 h 
ranged between 13.5 and 18.5 ppm, and levels below the indoor standard were 
reached only at about 4.00 am.
Therefore the CO source was very likely outdoor and exceeded the outdoor 
standard (9 ppm), and was also the source of the indoor pollution.
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Figure 38. Simultaneous real-time measurements of CO levels indoors (office) and 
outdoors in Bandera Street.
Indoor : Mean 24 hours Temperature , 23.86 °C
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At the total 14 sites monitored, 24 hour concentrations were always higher indoors 
than outdoors. The indoor and outdoor 24 hour average concentrations ranged 
between 7.9 - 8.2 ppm and 5.9 -7.3 ppm, respectively. The highest indoor 
concentration was 73 ppm, but on the same day the highest outdoor concentration 
was 68.5 ppm. This study has shown that the main sources of CO in Bandera street 
are probably vehicles which substantially affect the indoor air quality. However, a 
separate study in La Pintana area showed that the pollutants determined inside the 
houses had interior emissions as main sources and not outside infiltration, as 
observed in other areas of the city of Santiago (Gil and Adonis, 1996; Adonis et al,
1997). This latter study therefore did not observe outdoor air as important source of 
contamination. This agrees fully with the information declared in the surveys, 
showing that 90% of the dwellings make use of some heating system during the 
winter period, corresponding in most cases to a highly contaminating system. 
Furthermore, only 3% of the population surveyed declared using a non 
contaminating heating system (electricity).
Particulate Matter PM io
The use of firewood, kerosene, coal or gas heating sources, produced average 
PMio concentrations during heating hours which were over 240 ug/m^ (Figure 39), 
a value much higher than the PMio standard for 24 hours namely, 150 ug/m^. In the 
case of firewood there was an average of 489 ug/m^ and in one of the houses the 
average during heating hours reached 794 ug/m^. In Santiago, an environmental 24 
hour pre-emergency is declared with an average of 240 ug/m^ of PMio , and a 24 
hour emergency when the level reaches an average of 330 ug/m^.
The average concentrations of PMio in the heating periods in houses using 
firewood, kerosene, coal or gas were 9, 6 , 5 and 5 times higher, respectively, than 
the ones during which heating was not used. The average concentrations of PMio 
for 24 hours and during heating hours when electricity was used did not surpass 
150 ug/m^.
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Figure 39 Average concentrations of PMIO in the heating periods in houses using 
firewood, kerosene, coal or gas.
Emergency
............ 330‘iig/m3'....o) 300
ug/m3
NONEFIREWOOD 
(N )** (3)
COAL KEROSENE
(5) (7)
GAS ELECTRICITY
(4) (2)
* Data are 24 hours average.
** N indicates number of houses analysed and data presented as the average of N
Figure 40 shows the real time monitoring of PMio, CO, SO2 and temperature over 
24 hrs. in a house heated with firewood for 1.8 hours. A notable increase in CO, SO2 
and PM10 was observed during the heating periods, which rapidily rises above the 
standard values for each contaminant. When the source of combustion is turned off, 
the concentration of the three contaminants, though diminishing as time passes, 
remains above the corresponding standard for several hours, indicating deficient 
ventilation.
The temperature curve shows that during the heating hours the temperature levels 
recommended by the WHO for a house were not reached (20 °C.) and that these 
levels were much lower when the source was turned off. During the night there was 
an average level of 7 degrees centigrade, which is 13 °C lower than the temperature 
recommended.
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Total and Carcinogenic PAHs and Particulate Matter
The outdoor concentrations of total and carcinogenic PAHs adsorbed onto PM5 in 
Bandera street, ranged between 54 and 978 ng/m^, with an average of 354 ng/m^. 
Indoor concentrations ranged between 36 and 405 ng/m^, with a mean of 215 ng/m^. 
For carcinogenic PAHs, outdoor concentrations ranged between 11 and 269 ng/m^, 
with a mean of 83 ng/m^. Indoor concentrations ranged between 12 and 95 ng/m^, 
with a mean of 37 ng/m^. Excellent correlation coefficients were obtained for indoor 
and outdoor levels for B(a)P levels in restaurants (0.998).
Table 29 shows the average 24 hour indoor concentrations for total PAHs, 
carcinogenic PAHs and B(a)P emitted by different heating sources, in PM5 and 
PM10 respirable particulate matter, collected in the economically deprived area of La 
Pintana. PM5 particulate matter showed a higher content of PAH than the PM10 
fraction and a good correlation was obtained between total and carcinogenic PAHs 
adsorbed onto PM5 and in PM10 respectively (0.88 and 0.86).
The content of PAHs varied between houses, the largest concentrations being found 
in the houses using coal or firewood as heating source. The smoking habit appeared 
an important source of PAHs. The values obtained for total and carcinogenic PAHs 
when not using a heating system, or when electric power was used, were influenced 
by the smoking habit or by the contribution of other sources for cooking.
Table 30 shows the average 24 hour concentrations in PM5 of total PAHs, 
carcinogenic PAHs and benzopyrene emitted by different heating sources and 
stratified by smoking habit. In order to identify the possible sources of PAHs, every 
fuel used for heating purposes was stratified by smoking habit; it was not possible, 
however, to statistically compare each variable due to the low number of the 
samples. This comparison was specifically based on absolute values found for each 
fuel. The highest average concentrations for total and carcinogenic PAHs were 
obtained when coal and firewood were used (Table 30) in the presence or absence 
of the smoking habit. The smoking habit increased the concentrations of total and 
carcinogenic PAHs, and thus likely explains the PAHs levels obtained in dwellings 
using electric power as a heating source.
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The high concentrations of PAHs and high mutagenic response in particulate matter 
collected in Bandera street and in indoor environments of La Pintana showed clearly 
that these respirable particulates represent human exposure to organic compounds 
that are highly toxic. In addition, the PAHs levels and toxicity of particulate matter 
of Santiago were higher than those determined in a rural at 45 Km from Santiago 
(Figure 41).
The most important conclusion from this Figure is that similar particulate matter 
concentrations do not mean necessarily similar chemical and biological equivalence. 
The particulate matter (100 ug/m^) collected in Curacavi was almost inert, while the 
same particle concentration (100 ug/m^) collected in Santiago (Bandera street or 
indoor ambient in La Pintana) represented high PAHs levels and mutagenicity.
Figure 41. Comparative PAHs levels (A) and mutagenicity (B) of respirable particles (PM5) in 
Santiago and a rural area (Curacavi, 17 km from Santiago).
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DISCUSSION
The levels of regulated air pollutants in Santiago (Chile) have been very high in the 
past 10 years. For instance, in 1991 the number of days with values greater than 
100 on the pollutants standard index (100 PS!) were 92 for CO and 69 for PMio. On
the whole, the 100 PS! levels were exceeded on 113 days of the year, without 
considering the ozone levels. That same year, the values for the maximum 24 h for 
PMio was 340 ug/m^, the highest value for any South or North American city 
excepting Bakersfield, Calif., USA (Gil et al, 1993) The PMio annual arithmetic mean 
was 108 ug/m^ and the maximum CO level (8 h) was 31.4 ppm. These values were 
higher than those measured that year in any USA city (EPA,1992).
In the last 30 years, a large number of studies have reported the PAH content of 
airborne particulate matter in different parts of the world with a concentration range 
of 1-30 ng/rrfl of individual PAH (IPCS, 1998), but the PAHs content of the 
atmosphere in Santiago has not been previously studied.
Sixteen PAHs including carcinogenic and non carcinogenic hydrocarbons were 
identified in TSP and PM-iq particles. Six of the PAHs identified have been classified
as carcinogens, namely benzo(a)anthracene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(a,h)anthracene, and indene(1,2,3- 
cd)pyrene (lARC, 1983). However, some of the PAHs determined and considered as 
non carinogens in this study have recently been reclassified as carcinogenic PAHs, 
namely chrysene and fluoranthene (ICPS, 1998). The PAH components determined 
in this study vary over a wide range of molecular weights from the comparatively 
volatile 2-ring compounds to the less volatile, 3-7-ring compounds, the latter being 
more readily adsorbed onto the particulate phase.
It is recognised that the conventional sampling techniques used in this study may 
alter the gas/particle distribution of semi-volatile PAHs during the sampling process. 
However, the results presented in this work are compared with studies in which data 
were obtained using similar sampling techniques.
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My results have shown that during the sampling periods, the TSP(1991 to 1996) 
and PM10 (1992-1996) associated PAHs average concentrations have decreased 
considerably by a factor of 10 and 7, respectively during the cold season. The 
highest concentrations in both size of particles were observed in 1992.
Between 1991 and 1996 the annual average TSP associated benzo(a)pyrene (BaP) 
concentration decreased by 88% ( results not shown), as was observed for London- 
UK between 1949 and 1973 (Lawther and Waller, 1976), Netherlands between 1964 
and 1979 (Menichini, 1992) and Edgbaston-UK between 1981-1996 (Smith and 
Harrison, 1996).
The first government plan to reduce air pollution in the Metropolitan Region of 
Santiago was during the period 1990-1996. That plan introduced the following main 
actions (CONAMA, The National Environment Commission) which probably explains 
the reduction of PAHs levels in PTS and PM10 :
* Public Transport
- Introduction of emission standards (EPA standard)
- Renewal of the fleet
- Retirement of 2600 old buses
- Control improvement
- Highway inspections
* Private Transport
- Introduction of emission standards
- Introduction of unleaded gasoline and catalytic vehicles (since 1993)
- Control improvement
* Fixed Sources
- Introduction of new emission standards
- Control program of fixed sources emission
- Increase of paved streets
- Reduction in industrial emission by introduction of new technologies 
(increased replacement of wood and oil by gas)
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Furthermore a program to improve vehicle fuel quality for gas, oil, and diesel has 
been established.
Additionally, Santiago has grown at an average rate of 7% per year and according to 
data from the CONAMA 1997, the population has grown in 14%(5,831300 
inhabitants) between 1990 and 1997, whereas vehicles have increased by 86%  
(902,230), including private cars by 97% (735,572) and taxis by 151% (53,851) 
whereas buses have decreased by 44% (9,000). Thus, although the city has an 
impressive economic growth, the levels of PAHs in particles have decreased.
In spite of this decrease, concentrations of PAHs measured in this current study 
were higher than those reported from similar studies in other urban areas of the 
USA and Europe (Baek et. al, 1991, 1992; Greenberg et al., 1985; Flessel et al., 
1991; Halsall et al., 1994a, Miguel et al., 1998). For example, the 3-6 rings PAHs 
concentrations for total suspended particulate (TSP) collected during the cold 
season of 1996 in Santiago (B station) is 1.6, 2.1 and 3.8 fold higher than reported 
for Edgbaston (UK, 1992), London (UK, 1985/86) and Newark (New York, 1983), 
respectively (Greenberg et al., 1985; Baek et al., 1991).
On the other hand, the PMio cold season average of BaP and carcinogenic PAHs 
levels during 1996, were higher than those reported recently for other cities including 
Optikon/Switzerland (Petry et al., 1996), Brisbane/Australia (Müller et al., 1998), 
Brescia/ Italy (Monarca et al., 1997), Pavia/Italy (Minoia et al., 1997).
Thus, the prevailing high levels of PAHs in TSP and PMio may be a consequence of 
industrial and residencial emissions, high traffic and frequent city congestion. The 
highest levels observed in the stations B and D (which are the stations with a higher 
vehicular traffic) suggest that vehicle emissions may be mainly responsible for the 
PAHs level in particles. Cars with catalytic converters were only introduced in 1993 
and their number is increased rapidly. However, in 1996 non catalytic converter 
cars were approximately 50 % of the total vehicles.
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The PAHs determined in this work have different mutagenic and carcinogenic 
activities. Studies on various environmental relevant matrices such as: coal 
combustion effluents, vehicle exhausts, used lubricating oil, and sidestream tobacco 
smoke have shown that PAHs, are the agents predominantly responsible for their 
carcinogenic potential (Grimmer et al., 1991).
Benzo(a)pyrene (BaP) has been regarded as the compound with the most important 
consequences for human health because it is a potent PAH carcinogen (group 2A, 
Figure 4) (lARC, 1983). BaP has been tested in a range of species, including rats, 
guinea pigs, marmosets and rhesus monkey. BaP has been shown to be 
carcinogenic when given by a variety of routes, including gavage, inhalation, 
intratracheal instillation, intraperitoneal, intravenous, subcutaneous, intrapulmonary 
injection, dermal application, and transplacental administration. A threshold for the 
induction of cancer by BaP is unknown, and unfortunately, there are very few 
ambient mixtures of PAH that do not contain BaP. Tumours have been observed in 
all experiments with small animals, and the failure to induce neoplastic response in 
large animals (including humans) has been attributed to lack of information on the 
appropriate route or dose and the inability to observe the animals for a sufficient 
time (Osborne and Crosby, 1987).
No Chilean or international standards exist for BaP or for any other PAH levels in 
ambient air, since the WHO has stated that there is no safe level for human 
exposure to carcinogenic compounds. However Italian law (D.M. 25.11.1994) 
(Minoia et al., 1997) includes BaP among the environmental pollutants to be 
monitored in urban areas fixing a quality standard of 2.5 ng/m^ by the 1st of January 
1996 and 1.0 ng/rrfi by the 1st of January 1999 (average yearly value). It should be 
noted that although the ambient BaP levels in Santiago are declining, they are still 
considerably higher than 1.0 ng/m^ as determined in the current work.
According to the International Agency for Research on Cancer (IARC, 1983) five 
other PAHs, in addition to BaP, classified as "probably (Group 2A) or possible 
(Group 2B) " carcinogenics by WHO have been found in high concentrations in 
airborne particulate (Figure 4), including benzo(a)anthracene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, dibenzo(a,h)anthracene and indeno (1,2,3-cd) pyrene. The 
concentrations of these six carcinogenic PAHs represent 45% of the total mean PAH 
concentrations measured in Santiago.
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The annual mean concentration of TSP-associated BaP found in downtown Santiago 
during 1991 was 18.24 ng/m^ (range 2.08-130.3 ng/m^) considerably higher than the 
values reported from other studies, as follows. Four cities in the UK have reported 
BaP concentrations from 0.2 to 1.4 ng/m^ (Halsall et al., 1994b), values for London 
have been reported as 0.18-5.94 ng/m^ (Baek et. al, 1992), for Edgbaston /UK 0.73 
ng/m^ (Smith and Harrison, 1996), for Munich and Nuremberg 2.11-3.47 ng/m^ 
(Steinmetze et al., 1984), for Stockholm 0.1-2.2 ng/m^ (Colmsjo et al., 1986), for 
Paris 1-4.8 ng/m^ (Masclet et al., 1986), and for California 0.2 ng/m^ as an annual 
mean (Flessel et al., 1991).
During the 1992 cold season (between May -August) the inhabitants of Santiago 
were exposed to a respirable particulate matter (PMio) associated BaP 
concentrations of 34.0 ng/m^ and during 1995 and 1996 the cold season average 
concentrations of PMio-associated BaP were 9.2 ng/m^ and 4.9 ng/m^, respectively, 
substantially higher than reported for Optikon-Switzerland /1992 (0.6 ng/m^) (Petry 
et al., 1996), Pavia-ltaly/1996 (1.5 ng/m^) (Minoia et al., 1997), Brisbane- 
Australia/1998 (0.1 -1.5 ng/m^) (Müller et al., 1998) and Brescia-ltaly/1991 (2.8 
ng/m3) (Monarca et al., 1997).
Gasoline engines without emission control devices often release more BaP and 
other PAHs than well-kept diesel engines per volume of fuel burned (NRC, 1981). 
However, in Santiago, diesel engines usually operate under extremely poor 
conditions, which is easily seen by the release of black smoke. Under these 
conditions, buses and trucks probably are the main source of PAHs.
In spite of the high PAHs levels found in this work, the samples collected in this 
study may not be representative of the total amount of PAHs present in the air. This 
is because some of these compounds, mainly those of low molecular weight, have a 
high vapour pressure and might be volatilised, especially in summer or might pass 
through the filter in the vapour phase under the high flow rates of the high-volume 
sampler. In addition, since the samples were collected over 24 h, it cannot be 
excluded that reactions between PAHs and polar compounds such as nitrogen 
oxides, sulphur oxides, and with transient intermediates such as hydroxyl radicals 
and singlet molecular oxygen might decrease the concentrations of some of the 
PAHs. Such chemical or photochemical reactions occur mainly during atmospheric 
transport of airborne particulates, but might also occur during sampling.
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Since gas samples were not collected in this study, an underestimation of 2- and 3- 
ring PAHs is likely, but volatility is unlikely to significantly affect the 
measurement of 4 or greater ring PAHs, which are the compounds of greatest 
concern from the point of view of mutagenicity and carcinogenicity (lARC, 1986).
Principal component analyses (PCA) allowed the variations in individual TSP and 
PMio associated- PAH concentrations to be further studied. In both cases the first
three components which have eigen-values >1 after Varimax rotation were retained 
for each data set. This revealed that for TSP and PMio collected between 1991 and 
1996, the total variance was explained by the first three PCs indicating good 
commonalities. The first component (PCI), usually called the 'size' component (here 
concentration) showed that all the loadings were positive and of approximately equal 
size. Thus, PC 1 (54% and 71% for TSP and PMio, respectively) variance appeared
to be associated with most, if not all, of the 16 PAHs.
This linkage seems to be very reasonable since all the PAHs may originate 
predominantly from one main generic source, i.e. combustion of fossil or organic 
fuels. The data could be interpreted as reflecting that some particles adsorbed all 
the PAHs but some are in high and others in low concentrations (Gil and Adonis, 
1996). It is interesting to point out the high correlations found in PC I of PMio for 
benzo(a)anthracene (0.87), fluoranthene (0.96), chrysene (0.98), 
dibenzoanthracene (0.99), benzo(a)pyrene (0.96), benzo(g,h,i)perylene (0.98) and 
indeno(1,2,3-cd)pyrene which are generally abundant in the exhausts of petrol and 
diesel vehicles (Westerholm et al., 1991; Lowenthal et al., 1994). Thus, the higher 
correlations were obtained for the major carcinogenic PAHs. These results therefore 
indicate an important contribution of mobile sources to the total environmental load 
of PAHs..
The second component, which had 9.4% and 19.70% of the total variance for TSP 
and PMio collected during the cold season between 1991 and 1996, respectively, is 
usually known as a 'shape' factor. Some of the loadings for this are positive and 
some are negative which might reflect the relative proportions of the various 
hydrocarbons emitted from different sources. For example, diesel fuel might give 
one pattern, and smoke from wood or coal different ones, or the profile could change 
through changes in other factors such as atmospheric or photochemical conditions.
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Comparing the PAHs levels obtained during January-April (summer and early 
autumn) and May -July (mid-autumn and most of the winter), particulate associate - 
PAHs in the cold season were found to be present in greater concentrations than in 
the hot season by a factor of 3. Highest PAHs levels in winter due to higher 
emissions have long been known (Müller et al., 1998). However, recently it has 
been suggested that in urban areas only the particle associated PAH are highest in 
winter, whereas the vapour phase compounds are highest in summer (Baek et al., 
1992; Gustafson and Dickhut, 1997). Smith and Harrison (1996) reported that both 
vapour and particulate phases PAHs collected in Edgbaston U.K. during the winter 
of 1992 were greater concentrations than in the summer.
The lower mean concentration of carcinogenic PAHs in Santiago in the periods 
January-April and September-December compared to the cold period might be due, 
at least in part, to the fact that during summer (January and February) a 
considerable percentage of the total number of cars leave the city, public transport 
and industrial activity decreases and the atmospheric conditions are therefore 
improved. Thus, the relative proportions of individual compounds differ significantly 
between the cold and hot season, possibly reflecting changes in PAH emissions 
sources and atmospheric conditions. Furthermore, physico-chemical and 
meteorogical factors may significantly affect the absorption of gaseous PAHs on fine 
particles (Van Vaeck et al., 1984; Natusch and Taylor, 1980) and the atmospheric 
degradation of some of the reactive PAHs might lead to greater loss rates in 
summer. Additionally, due to higher concentrations of PAHs in the atmosphere in 
winter, a greater mass of materials exists to be transferred from the vapour to the 
particle phase.
Adsorption of gaseous PAHs on fine particles and, continuous size increase of the 
particles by means of redistribution of PAHs adsorbed on fine particles onto larger 
particles, by condensation (Pistikopoulos et al., 1990) or sampling artifacts, may 
explain the greater concentration of total and carcinogenic PAHs found in the coarse 
fraction than in the fine fraction collected during the cold season in Santiago. 
However, this effect is not observed during the hot season as the condensation 
mechanism of coarse particles depends on the fine particle concentration in the 
atmosphere.
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This observation may be very relevant because CONAMA has reported a decline in 
PM2.5 concentrations in recent years (1992-1997), but there is not a corresponding
decrease but rather a slight increase on the coarse fraction, suggesting that fine 
particle condensation may lead to an underestimation of PM2.5 (Figure 3). Thus, it is 
important to consider the condensation mechanism for fine particles, since in the 
USA, a new standard for PM2.5 has been introduced in 1997 and, réévaluation of the 
standard PM2.5 in Chile will probably be considered soon.
Another important aspect of particulate matter chemical analysis is the high 
correlation found between organic extracts, particulate matter and individual 
carcinogenic PAH concentrations. The important conclusion from these correlation 
studies is that not only do the particles contain organic material (mainly PAHs), but 
the presence of more particles means human exposure to more organic matter 
including PAHs and PAHs derivatives. This has very important implications for 
human health risks to Santiago's population.
Recent studies have shown that respiratory effects are associated with the number 
of respirables particles (Peters et al., 1997; Pekkanen et al., 1997; Wilson and Suh, 
1997; Timonen and Pekkanen, 1997; Choudhury et al., 1997; Ostro and Chestnut, 
1998; Murphy et al., 1998). It is important to investigate the ambient PM10 
concentrations as a measure of exposure in epidemiologic studies linking the day-to- 
day variation in particulate matter air pollution to the day-to-day variation in health 
endpoints such as mortality, hospital admissions, respiratory symptoms, and lung 
function. However, according to the PAH and BaP levels commonly detected in 
Santiago's airborne particles, it is necessary to examines the chemical composition 
for assessing inhalation exposure of Santiago's inhabitants to PAHs in air. 
Respirable particulate matter and PAH levels should be measured separately in 
research and epidemiologic studies and as indicators of health risk associated with 
inhalation exposure to particulate mater. The BaP levels detected in Santiago's 
airborne particles indicate that BaP as a single substance (based on carcinogenic 
bioassay data, I ARC, 1983; IPGS, 1998) might be used together with a toxicity assay 
as a complex mixture index. However, the selection of some other PAH indicators 
whose relative concentrations and carcinogenic potencies are higher might improve 
the health hazard assessment from complex mixtures.
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Airborne particle matter contains over 500 chemical compounds (Lofroth, 1981) and 
chromatographic separation has shown that the mutagenic activity in organic 
extracts from particulate matter eluted over a wide range with no major single peak.
Although human health risk assessment is possible assuming additive toxicities 
among the contaminants of a complex mixture, chemical interactions may occur 
which produce synergistic or antagonistic effects. It is useful to obtain an initial 
characterisation of the potencial mutagenicity and/or carcinogenicity of urban air 
samples and their possible risk to human health. Many different compounds 
contribute to air particulate mutagenicity including PAHs, PAH ketones, PAH 
quinones, nitroarenes, nitrosoarenes, arenequinones and arene ketones.
The Ames test is the most commonly used and useful tool for the determination of 
mutagenicity of airborne samples. The chemical identity of all the mutagenic 
substances adsorbed onto air particles in my study has not been fully determined 
and the overall mutagenicity observed from the total extract may include additional 
contributions from other non PAH compound. As was previously described by HPLC 
analysis, have established that the organic extracts from Santiago's unfractionated 
airborne particles contained very high levels of at least 16 different PAHs and the 
contribution of carcinogenic PAHs to the total level of PAHs in almost all studied 
years, ranged between 45% and 85%.
This study showed that most of the samples from both TSP and respirable particles 
collected in Santiago between 1991 and 1996, give positive responses in the Ames 
test when the assay was done with the TA98 and TA100 strains in both in the 
presence or absence of metabolic activation system (S9 mix). My results have 
shown that the peak levels of mutagenic activity both with and without an activation 
system (S9) were found in the coarse respirable particles during the cold season in 
stations B and D (Plaza Italia and Parque 0 'Higgins stations, respectively). Higher 
particle extract mutagenicity during the cold months has also been observed by 
Barale (1989) in Pisa, by Alfheim and Moller (1981) in Oslo and Reali et al. (1984) 
in a rural area of Italy. This can be explained by decreased photochemical 
degradation and volatilisation of mutagens during the winter and/or increased 
deposition rates of vapor phase mutagens onto airborne particulate matter (Atherholt 
et al., 1985).
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The adsorption of gaseous PAHs and other contaminants on fine particles and 
growth of the particles as previously discussed for PAHs adsorbed on respirable 
particles, may explain the greater mutagenicity found in the coarse fraction that in 
the fine fraction collected during the cold season in Santiago. The condensation 
mechanism of particles as well as adsorption of gaseous contaminants could be 
responsible for the increased mutagenicity of coarse particles. Although the 
mutagenicity of fine particles has been shown to be lower than the coarse particles it 
was comparable to the high mutagenic response obtained in California during 1982 
(Kado et al., 1986; Flessel et al, 1987).
Different studies from other groups (using the strain TA98), have reported a poor 
correlation between PAH concentration and mutagenicity in unfractionated airborne 
particles, suggesting that the levels of PAHs are not satisfactorily predictive of the 
mutagenicity of these complex mixtures and do not provide a major contribution to 
the mutagenic response in the Ames test (De Raat, 1988; Krammer, 1987). My 
results are in agreement with these latter reports, since we were unable to correlate 
the PAH levels (either total PAHs or carcinogenic PAHs) with the mutagenicity of the 
samples from Santiago assayed in the presence and in the absence of 89, 
suggesting that the of PAH content alone cannot be responsible for all the 
genotoxic activity of airborne samples.
However, indirect-acting mutagenic agents, such as the PAHs that require metabolic 
activation by the mammalian microsomal monooxygenase system (MFC) to exert 
mutagenic activity could explain part of the high mutagenic response obtained with 
both strains in the presence of the fraction 89. The substituted PAHs (nitroarenes) 
could also contribute to the mutagenicity in the presence of 89 mix because the ring 
oxidation plays a major role in the metabolic activation of some nitroarenes (Figure 
5).
The importance of ring oxidation of nitro-PAHs was previously observed with 2- 
nitrofluoranthene which was more than twice as mutagenic in 8almonella in the 
presence of rat liver postmitochondrial supernatant that in its absence (Busby et al., 
1994). This is in contrast to most nitro-PAHs, which are often many times more 
mutagenic in the absence of metabolic activation system because they are activated 
by nitroreduction with endogenous bacterial nitroreductases, and do not require 
exogenous oxidative enzymes from mammalian liver preparations. Although
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formation of ring oxidised metabolites of nitro-PAHs may represent a detoxification 
pathway, there is evidence that 1-nitropyrene is activated by ring oxidation to form 
DMA adducts (Beland and Kadlubar, 1990).
DeMarini et al., 1994, have reported that the two main classes of mutations induced 
by ambient air particulate extracts and BaP in strain TA98 are hotspot mutations 
(deletion of either CG or GC from the sequence CGCGCGCG located at nucleotides 
878-885 in this strain) and a complex frameshift (a frameshift mutation with an 
associated base substitution). The majority of the complex frameshifts induced by 
these agents at the hotspot result from a frameshift and an associated G.C— T.A 
transversion (DeMarini et al., 1993). The ability of BaP to induce frameshift 
mutations at the hisD3052 allele in strain TA98 is consistent with the ability of BaP- 
diol-epoxide to induce frameshift mutations in mammalian cells (Bernolet-Moens et 
al., 1990) and to induce the same mutation in the ras and p53 genes of BaP-diol- 
epoxide induced rodent tumors (Ruggeri et al., 1993; Denissenko et al., 1996). 
DeMarini et al., 1994 have also suggested that 70-75% of the base substitutions 
induced by ambient air particulate extracts and BaP at the hiG46 allele in strain 
TA100 are G.C—T.A transversion. Supporting these observations are recent studies 
showing that the mutagenic specificity of BaP is likely due to the ability of N2- 
guanine-BaP adducts to assume different conformations (Drouin and Loechler, 
1993; Rodriguez and Loechler, 1993).
Thus, based on literature information it is suggested that the organic extracts from 
Santiago's air containing high PAHs could also produce hotspot and complex 
frameshift mutations in the TA98 strain and similar base substitutions, 
transversions and transitions, in the TA100 strain.
The mutagenic specificity of urban air samples with a high PAH content (including 
BaP), reflects the dominant role played by PAHs within complex mixtures 
(Thompson et al., 1993; DeMarini et al., 1994).
In my studies, the high mutagenic response of Santiago's samples assayed in the 
absence of S9 indicates a high direct mutagenicity. Similar responses have been 
reported for samples collected in, Oslo (Moller and Alfheim, 1980), Durham, North 
Carolina (Talcott and Harger, 1981) and for Rio de Janeiro (Miguel et al., 
1990),
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where it was suggested that nitroarenes may be responsible. However, Crebelli et 
al., 1988, reported a low contribution of nitroarenes to the mutagenicity of samples 
assayed in Rome.
Although I have not identified the precise nature of the direct acting mutagen(s) of 
the organic extracts collected in Santiago, it is known that nitro-PAHs (nitroarenes) 
are ubiquitous, direct acting environmental contaminants (lARC, 1989) and may well 
have contributed to the observed direct mutagenicity. Furthermore, the contribution 
of mono- and dinitroarenes in Santiago's airborne particles could be inferred from 
the diferential sensitivity of TA98 dérivâtes (TA98 NR and TA98/1,8-DNPe) (Adonis 
and Gil, 1993) which are deficient in nitroreductases or 0-acetyltransferase and by 
results from this thesis where it was shown that nitropyrene-DNA adducts formed 
after incubation of CT DMA with extracts from PMio and TSP samples.
DMA adducts with reactive metabolites (mainly diol epoxides) of PAHs and/or nitro- 
PAHs might be a key step in the initiation of mutations and cancer (Miller, 1978; 
Perera, 1988) and the measurement of DNA adducts could be an indicator of 
exposure to PAH and might help in the identification of subjects who are highly 
susceptible to the DNA-damaging properties of PAHs and are also predisposed to 
cancer risk.
The consistently lower mutagenic response (about 70% and 80%) with the TA98NR  
and TA 98/1,8-DNPe strains, respectively, compared to the mutagenicity to TA98
demostrated the possibility that the samples contained mutagens as nitro and 
dinitropyrenes, possibly related to motor vehicle exhaust to urban air and/or high 
efficiency of photoactivation (Fu, 1990). In fact, it has been demostrated, for 
aromatic amines (Strniste et al., 1985) and for heterocyclic amines (Wakabayashi et 
al., 1988) that photoactivation results in the formation of the corresponding nitro 
dérivâtes.
Thus, the direct mutagenicity of Santiago's samples may be explained by the 
presence of nitroarenes which are emitted mainly by diesel engines, industrial 
processes and heating. However nitroarenes can also be formed in the atmosphere 
under field conditions, probably from the reaction of high concentrations of PAHs 
with atmospheric pollutants such as ozone and nitrogen dioxide (De Flora et al., 
1989).
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Nitroreduction is the most important pathway for the activation of nitroarenes, and 
occurs mainly in the liver and intestine (Belisario et al., 1995 and1996; Scheepers et 
al., 1994). In addition, Belisario et al (1995 and 1996) have reported that 
erythrocyte enzymes catalyse 1-nitropyrene and 3-nitrofluoranthene 
nitroreduction.The intestinal microflora in the metabolic activation of nitroarenes also 
represent an important role. The reduction of the nitro group is a crucial metabolic 
step for the genotoxic and cytotoxic properties of nitroarenes. N-Hydroxyarylamines 
can form adducts with DNA, tissue and blood proteins (Sabbioni, 1994; Scheepers 
et al., 1994). Therefore, exposure to nitro-PAHs may pose a risk to human health 
although human cells do not usually express the typical nitroreductases present in 
bacteria.
The results of mutagenicity testing presented in my study have shown that airborne 
samples collected during 1991 to 1996 in Santiago had very high mutagenic activity 
compared to samples collected for similar studies reported in other cities of the 
world such as Genova (De Flora et al., 1989); Rome (Crebelli et al., 1988), Rio de 
Janeiro (Miguel et al., 1990) and Mexico city (Villalobos et al., 1995) and that during 
the sampling periods (1991 to 1996), direct mutagenicity has not subtantially 
decreased. These results suggest that environmental contaminants not determined 
in this study such as nitroarenes may well have contributed to the observed direct 
mutagenicity. In preliminary experiments not reported here, I have been able to 
identify at least two nitroarenes 6 -nitro-BaP and 1- nitro-pyrene by HPLC.
It is clear that the highest average levels of direct mutagenicity of TSP extracts 
were obtained during the 1991 cold season and that the mutagenic activities 
observed during 1994 and 1995 were much lower than 1991 (p=0.0004, p= 0.0019, 
respectively). However the mutagenic activitiy obtained during 1995 was not 
significantly different to the mutagenic activity of 1992 and 1993 (pi 992/95= 0.1165; 
p l993/95= 0.3918) and is higher than published for Oslo, Norway 1982; (Moller and 
Alfheim, 1980) and similar to published for Pisa, Italy during 1986-1987 (Barale et 
al., 1989). In spite of a significant decrease in PAHs, the respirable particles direct 
mutagenicity has not significantly changed in the period 1994 -1996. Thus, these 
results suggest the important contribution of nitro-PAHs and/or other compounds 
present in the organic extracts in direct mutagenicity.
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In summary airborne particles (TSP and PM10) collected in Santiago are highly 
mutagenic and contain direct and indirect mutagens which produce both frameshift 
and base substitution mutations. Although an important decrease on PAHs has been 
observed in the period 1991-1996, direct mutagenic responses have not changed 
significantly for TSP and respirable particles. Thus, in spite of the introduction of very 
effective measures that have decreased PAHs, these have not been as effective in 
reducing direct mutagenic pollutants which are responsable for the observed 
mutagenicity . These results clearly demostrate that particulate matter in Santiago is 
not simply inert dust as has been suggested, but rather contains organic material 
with a high content of potent carcinogenic PAHs and PAHs derivatives which may 
represent a high risk for the health of Santiago's inhabitants.
According to my results the Ames test may be used in Chile as a screening tool for 
the mutagenicity of airborne particles and this test can reveal the magnitude and 
direction of changes in the mutagenic potential of air samples. The Ames test 
detects the mutagenicity of the total sample,and therefore makes it possible to 
systematically investigate interactions between groups of chemicals in complex air 
mixtures.
Since air quality toxicity is not taken in account to establish air quality in Santiago, it 
might be recommended to incorporate permanently the Ames test to evaluate 
toxicity. This assay allows the comparison of changes in mutagenicity, and can also 
give important information about the most toxic sources, which might help to 
prioritize the use of resources for pollutant source control.
The high mutagenic potential of the airborne particulate collected in Santiago in 
Salmonella typhimurium was confirmed in human cells in culture in my study. 
Airborne particles from Santiago were clearly mutagenic at the tk locus in h1A1v2 
human. The mutagenic potencies (420x1 O^/m^) of the organic extracts from TSP 
collected in Santiago were 400 fold higher than reported for PM 10 in Los Angeles,
USA in the winter period (1993) (Central Los Angeles, 1x10® /m®; Long Beach, 1.3 
xIO® /m®: Rubidoux, 1.4 xIO® /m®) (Hannigan et al., 1997). It is important to point out 
that comparisons between Santiago and USA cities were for different size particles. 
As has been previously been discussed, it is usually the smaller size particules 
(PM10 particles) which have the greater toxicity. Thus, the
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highest levels found for TSP human mutagenic activity, suggest that mutagenicity 
might be even higher in the PM^o fraction in Santiago.
Although my data is derived from an in vitro metabolic system, these results suggest 
that human cells can be mutated either by exposure to a particulate environmental 
mutagen or as a consequence of endogenous processes (Thilly et al., 1980). These 
results therefore have a very important implication for human health risk to 
Santiago's population since they show that human cells can be mutated by 
compounds adsorbed in the particles by the inhabitants of the city.
The results obtained in the Ames test in the presence of the activation system (S9) 
together with the mutagenic response in h1A1v2 human cells (with additional 
CYP1A1) are suggestive of a role for CYP1A1 in the metabolic activation and 
mutagenicity of particulate matter collected in Santiago. In addition, we have shown 
that intraperitoneal administration of these extracts to rats and to rat hepatocyte 
primary cultures, elicited an induction of CYP1A1, the major isozyme involved in the 
activation of PAHs to carcinogenic derivatives, indicating that within the cytochrome 
P450 supergene family, the organic extracts from particulate matter collected in 
Santiago acts selectively to increase levels of particular isoenzymes, in the liver at 
least two enzyme system are involved in the activation of PAHs. With very few 
exceptions, the GYP enzymes are inducible, and their levels of expression can be 
enhanced by external stimuli (Guengerich and Shimada, 1991). Although CYP1A1 is 
mainly responsible for the activation of PAHs in lung and together with CYP1A2 in 
liver, it has been demostrated that other GYP isoforms may also contribute to the 
metabolism of PAHs in mammals (Jacob et al., 1996). Induction of the MFO system 
by different types of inducers can result in different profiles of hydrocarbons 
metabolites and the effect appears to be variable (Jacob et al., 1981). Target 
tissues (e.g. lung, ovary, colon) for PAHs also contain enzymes capable of activating 
PAHs; however, maximal activaties are one or two orders of magnitude lower than in 
liver (Kari et al., 1984; Wall et al., 1991). Its important to consider that the liver may 
participate in supplying metabolites to target tissues and the presence of PAHs in 
the liver may result in its accumulation in target tissues due to local metabolism 
and/or transport from the liver.
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In addition, my study has suggested that nutritional status is capable of modulating 
the activity of the MFO system. Although we have not examined the precise 
molecular mechanims of deficient malnutrition, it has been shown that there is a 
significant increase in the nutritionally triggered, metabolic flux of endogenous fatty 
acids in the liver, the latter providing the proximal stimulus for CYP4A1 induction via 
the peroxisome proliferator activated receptor (Gotticher et al., 1992). The content of 
CYP450 forms induced during the malnourished status could be modified by 
exposure to complex mixtures from airborne particles and change the toxicological 
responses to xenobiotics and the metabolism of endogenous substrates, including 
testosterone and arachidonic acid (both metabolised by several different cytochrome 
P450s) (Hietenen, 1980; Gil et al, 1988). Furthermore, other studies have shown 
that PAH-DNA adducts reflect individual variation in biological response to 
exposure dependent on lifestyle, occupation or ambient air pollution and possibly 
modulation of exposure by genetic factors and micronutrients (Grinberg et al., 1994; 
Mooney et al, 1997). Mooney et al. (1997) have reported that for people highly 
exposed to PAHs, both genetic and nutritional factors may contribute significantly to 
the PAH-DNA adduct levels.
Thus by modulation of the content of the MFO system by PAH exposure, the 
genetic susceptiblility to cancer risk and low levels of nutrients might explain why 
some individuals who are environmentally exposed to PAH have a greater lung 
cancer risk than others with comparable exposure. That is important as most poor 
populations, have a low nutritional status. Thus, since most air polluted cities are in 
developing countries, poor populations with low nutritional status can be at higher 
risk than inhabitants exposed in developed countries.
Chemical and kinetic studies have demostrated that bay-region diol epoxides are 
subject to general acid catalysis to form chemically and biologically unreactive 
tetrols (Wood et al., 1982) and, their mutagenic activity can be blocked by natural 
plant components such ellagic acid (Wood et al., 1982; Josephy et al., 1990 Grüter 
et al., 1990). As discussed previously the PAHs are relatively inert environmental 
precarcinogens that are metabolized by mammalian enzymes to their biologically 
active products (ultimate carcinogens). Thus, a chemical basis exists for a rational 
approach to the identification of nontoxic compounds that can block the adverse 
biological effects of the ultimate PAH carcinogens (Josephy et al., 1990; 
Weinder-Wells et al., 1998;
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Wargovich, 1997; Villani et al., 1997; Castonguay et al., 1998). Ellagic acid is widely 
distributed in fruits and vegetables that are regularly consumed such as 
cauliflower, cabbage, grapes, certain nuts and strawberry and is an exceptional 
antagonist of the mutagenicity of bay-region diol epoxide of several PAHs (Wood et 
al., 1982^ Josephy et al., 1990).
My results have shown that ellagic acid abolished the mutagenic effect of organic 
extracts from airborne particles collected in Santiago in the Ames test system. 
Although the use of ellagic as systemic antitumorigenic agent is not clear, these 
results suggest that it is an exceptional antagonist of mutagenic activity of 
particulate matter with high PAH content. It has been suggested that a possible 
mechanism of the antimutagenic action of ellagic acid involves direct interaction with 
DNA that results in its protection from electrophiles (Teel, 1986; Ayrton, 1992). 
Epidemiological studies have suggested that a diet rich in fruits and vegetables is 
associated with reduced risk for a number of common cancers (Wargovich, 1997). In 
summary, ellagic acid or its analogues might be protective against DNA damage, but 
clearly much more work needs to be done in this area.
Atmospheric pollution can not only adversely affect public health, but indoor 
pollution can also represent a risk to human health it is considered that, in general, 
individuals spend more than 80% of their time in indoor environments and 60% of 
this is spend in their homes. In the large cities of developing countries, such as 
Santiago, an important source of indoor pollution is infiltrated outdoor air, which is 
frequently of poor quality, containing hundreds of substances hazardous to human 
health. But in neighbourhoods which are far from downtown and where poor 
people live, indoor pollutants might be more relevant than outdoor.
The results obtained in my study indicate that the air pollution levels in "La 
Pintana" (semi rural area), were within the air quality standards established to 
protect human health, whereas the outdoor air quality in Bandera Street (downtown 
Santiago) represents an important health risk, similar to the indoor air quality of the 
extreme poverty population studied.
139
The contaminants determined inside the houses were derived mainly from interior 
source emissions and not from outside, as it was seen in other areas of Santiago 
(Gil and Adonis, 1996; Adonis et al, 1997). This study therefore did not implicate 
outdoor air as an important source of indoor contaminanation. This agrees fully with 
the information declared in the surveys, showing that 90% of the houses make use 
of some heating system during the winter period, corresponding in most cases to 
highly contaminating systems. Furthermore, only 3% of the population surveyed 
declared using a non contaminating heating system (electricity).
Other indoor pollutants are CO and SO2. In general, these two gases correlated
strongly, suggesting that in general they were emitted from the same or similar 
sources. The highest CO and SO2 concentrations were obtained in houses that
made use of firewood or coal during the heating hours. In houses using firewood, 
and coal, the CO average concentrations were 57 and 42 ppm and for SO2 295 
and 192 ppb, respectively during the heating hours, (between 3 and 12 hours/day). 
These concentrations were higher than the CO standard for 8 hrs. (9 ppm) and the 
SO2 standard (128 ppb) for 24 hrs.
It is known that elevated levels of CO diminish the oxygen blood binding capacity 
transported to the tissues, as the CO displaces the oxygen in oxyhemoglobin, 
forming carboxyhemoglobin. The binding of CO to hemoglobin increases until 
reaching equilibrium in proportion to the CO content in the air, time of exposure and 
rate of ventilation of the subject. The standard 8 hours for CO of exposure 
recommended by the WHO, EPA-NAAQS and ASHRAE amounts to 9 ppm, a level 
that must not be surpassed more than once a year. This concentration leads to 
carboxyhemoglobin plasma levels of 2.5% in 8 hours. Levels above this standard 
produce interference with perception, sight and alertness, dizziness, somnolence, 
headaches, effects on the central nervous system and changes in cardiac function 
(Casarett and Doull, 1996).
The average values obtained for CO, mainly in houses heated with coal, firewood 
and kerosene are much higher than the ones obtained in other reported studies 
(Turk and Brown, 1987; Phillips et al, 1993) where in general, the concentrations are 
equal to or lower than 4 ppm.
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Most of the houses using pollutant fuels (firewood, coal, kerosene, gas) surpassed 
the standard of 150 ug/m® for PMio particulate matter for 24 hours. These average 
concentrations were substantially surpassed during the heating hours that 
fluctuated between 3 and 12 hours/day and were up to 9 times higher than the 
houses where heating was not used. The highest concentrations were found in 
houses using firewood and coal, although substantial concentrations were also 
obtained in houses using kerosene or gas, which also surpassed the PMio standard 
for 24 hours.
When separating the smoking habit from the contaminant fuels, it was observed that 
firewood, coal and gas are the most important sources of particulate material PMio,
apart from the tobacco smoke in the interior of these houses. According to my 
results the people working in very polluted outdoor areas and living in La Pintana 
have been exposed to very high indoor levels of respirable particulate matter, 
probably associated with irritative phenomena such as chronic cough, hoarseness, 
nocturnal respiratory symptoms, pneumopathies, bronchitis, bronchial asthma and 
possibly of a higher risk of lung cancer (Dockery et al, 1989; Calderon et al., 1997; 
Bagnoli et al., 1997, Pekkanen et al., 1997; Cohen et al., 1998, Ormstad et al., 1998; 
Abbey et al., 1998).
Additionally, one important conclusion from this study is that similar levels of 
particulate matter concentrations do not mean necessarily similar chemical (and 
hence biological) equivalence. This is clearly seen when comparing the particulate 
matter (100 ug/m®) collected in Curacavi which was almost inert, whereas the same 
particle concentration (100 ug/m®) collected in Santiago (Bandera street or indoor 
ambient in La Pintana) had high PAH levels and high mutagenic activity.
Several PAHs are mutagenic and carcinogenic and others are promoters. My study 
considered it important to investigateIG PAHs in indoor P M 5  and PM10 respirable
particulate matter, including six carcinogenic ones. The average PAH indoor 
concentrations from PM10 and P M 5  in La Pintana were significantly higher than the 
ones obtained outdoors. The average PAH concentrations adsorbed onto P M 5  
outdoors in La Pintana (8 ng/m®) were 16 fold lower than the ones detected in 
downtown Santiago (Gil and Adonis, 1996; Adonis et al., 1997).
141
The PAH concentrations in PM5 particulate matter collected in La Pintana were 
significantly higher than those determined in PMio, indicating that this particulate 
matter with higher PAH concentrations, and of greater penetration in the respiratory 
apparatus represents a larger risk to these highly exposed populations. This result 
agrees with those previousy reported that show that mutagenic and carcinogenic 
compounds are concentrated in smaller size particles (Kertész-Saringer et al., 1971; 
Albagli et al., 1974; Van Vaeck et al., 1984; Pistikopoulos et al., 1990; Monarca et 
al., 1997) and does not agree with PAHs analysis performed in this thesis of the fine 
and coarse fraction collected outdoor in different areas of Santiago for the 
monitoring net system stations (MACAM).
The average concentration of carcinogenic PAHs in indoors PM5 (58 ng/m®) in La
Pintana was significantly higher than that obtained indoors in downtown Santiago 
(37 ng/m®). The ranges found for carcinogenic PAHs adsorbed onto PM5, indoors in
houses in La Pintana and indoors in Bandera Street were: 5.55-462.32 ng/m® and 
12-95 ng/m®, respectively (Gil et al, 1997), indicating the presence of important 
sources of emitting carcinogenic PAHs inside the houses studied.
The highest PAHs concentrations were obtained in PM5 particulate matter of 
houses that used coal (447 ng/m®) or firewood (129 ng/m®). B(a)P is a potent 
carcinogenic substance, and when separating the smoking habit from the samples of 
contaminating heating, it was observed that the highest concentrations were found in 
dwellings using coal, even in the absence of the smoking habit indoors. Cigarette 
smoke as well as coal and gas turned out to be important sources of B(a)P and 
other carcinogenic PAHs.
The most prevalent PAHs in the emissions of coal combustion were anthracene, 
fluoranthene, pyrene, chrysene, benzo(a)pyrene and benzo(ghi)perylene. On the 
other hand kerosene mainly contributed fluoranthene and chrysene, 
benzo(a)fluorantene, benzo(k)fluoranthene and benzo(a)pyrene, and less frequently 
fluorene, dibenzo(a,h)anthracene, benzo(ghi)perylene and indeno(1,2,3-cd)pyrene. 
The most prevalent PAHs for gas emissions were benzo(a)anthracene, 
benzo(k)fluoranthene and benzo(a)pyrene. In tobacco smoke emissions, the most 
abundant PAHs were chrysene and benzo(a)pyrene.
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It has been reported that PAHs not only pre-exist in fossil fuels but also are mainly 
formed during pyrolysis by a radical mechanism (Zander, 1980). My investigation 
has shown that the population studied in the district of La Pintana is exposed to high 
levels of contaminants, generated mostly indoors by domestic activities such as 
cooking and heating. Furthermore, as it is a population having scarce resources 
and having therefore many risk factors apart from contaminants, it has a greater 
disease probability, associated mainly with the respiratory system. Due to the type of 
contaminant to which this population is exposed, they may manifest acute, chronic 
or delayed health effects therefore constituting a high risk population.
Nevertheless, as the exposure and concentrations of individual components to the 
different contaminants is variable and is determined by diverse factors such as 
concentration of contaminants indoors, outdoors and labour environments, I cannot 
draw specific conclusions concerning personal exposure (Monn et al.,1997; Janssen 
et al, 1997) Therefore, ideally it would be important to study personal exposure and 
to define the contribution of every source to the different contaminants.
Finally, although these results correspond to a study in an area of extreme poverty 
and to a specific street in the downtown Metropolitan Region, it is possible that 
similar situations or even worse might prevail in other regions in the country, 
particularly in the south of Chile where there are also extremely poor populations, 
with longer rainy seasons, and where biomass fuels are commonly and extensively 
used.
The results reported in this particular aspect of my study are rather difficult to 
interpret and any attempt to extrapolate the results of mutagenicity tests on airborne 
particles extracts to posible consequences on human health and especially to 
carcinogenic effects, are highly complex. Factors that complicate the extrapolation of 
results obtained in my study to human health risks are: (a) the bioavailability of the 
carcinogenic or mutagenic components adsorbed onto airborne particulate matter, 
(b) possible divergences between in vivo and in vitro metabolic systems, (c) possible 
synergistic or antagonistic interactions among the components of these complex 
mixtures adsorbed onto particulate matter, and (d) their interaction with biological 
systems such as the cytochrome P450 monooxygenase system. However, 
my data demonstrates that the majority of the samples assayed are highly
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mutagenic to bacteria either in the presence or in the absence of an S9 mammalian 
activating system.
Risk Assessment Implications
The study of health effects induced by exposure to a pollutant mixture is a complex 
task and is generally based upon data from some combination of clinical, 
epidemiologic, and animal toxicity studies. Some of the problems are that the 
mixtures of interest are difficult to characterise and the effects occur only after a 
long exposure period, the components constantly change and are difficult to asess 
at an early stage. Estimation of the risk of PAH exposure has further problems as 
humans are exposed to PAH mixtures and other compounds and not to pure PAH. 
Experimental data must be used to estimate the exposure risk to individual PAHs 
and the results might be extrapolated to the low doses to which humans are 
exposed. However, this extrapolation is not easy to do, because each species may 
differ in the emzyme complement that activate PAHs and in its suceptibility to the 
tumorigenic PAH effects. Another problem is the large number of PAHs that are 
typically found in a complex mixture.
Different approaches are used to assess dose-response relationships for PAHs, 
among them: a)toxicity equivalence factors (TEF), b) comparative potency and -c) 
BaP as a surrogate for the PAH fraction of complex mixtures. However, each one of 
these methods has disadvantages (IPCS, 1998). For example, the TEF approach 
may underestimate risk due to all PAH by considering only a few compounds and 
depends on extrapolation from animal model to humans, comparative potency does 
not define the PAH contribution to the estimated overall risk, is difficult to use for 
assessing specific components of a mixture and the assumption that mixtures from 
the same source are associated with similar risks may not be supported by the 
available data. BaP as a surrogate may result in overestimation of the risk of PAHs 
within a mixture, and some PAH derivatives in the mixture, such as nitroarenes, are 
not well represented by BaP.
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Accordingly, as was previously discussed, this thesis does not evaluate the PAH 
risk within the mixture from airborne particles collected in Santiago's air. However, 
these results clearly show that Santiago's inhabitants are exposed to particulate 
matter with very high levels of PAHs which are highly mutagenic to human and 
bacterial cells and able to induce DNA damage.
Furthermore, it is important to consider that the US Environmental Protection 
Agency (EPA, 1989) proposed an upper-bound lifetime cancer risk of 62 per 100 
000 to exposed people per microgram of benzene -soluble coke-oven emisssion per 
cubic meter of ambient air. Assuming a 0.71% content of BaP in these emissions, it 
can be estimated that nine out of 100 000 people exposed to 1 ng/m® BaP over a 
lifetime would be at risk of developing cancer (IPCS, 1998). My results have shown 
that Santiago's inhabitants are exposed to BaP concentrations much higher than 1 
ng/m®, and therefore must be considered as a population at risk.
CHAPTER 5
CONCLUSION
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Conclusions
This work has found that organic extracts from Santiago's particulate matter contain 
high levels of PAHs including six that have been classified by lARC as carcinogenic. 
In spite of the high levels of PAHs found in this work, the samples collected in this 
study may not be representative of the total amount of PAHs present in the air.
Although substantially declining in recent years, the levels of carcinogenic PAHs in 
TSP and PM10 are still higher than those reported in Japan, USA and Europe. The 
organic extracts are also highly mutagenic to different strains of Salmonella 
tvphimurium and human cells, suggesting that particles contain both indirect- 
acting(PAHs) and direct mutagenic pollutants (nitroarenes).
Nitroarenes have been described as very potent mutagenic agents. In spite of a 
significant decrease in PAHs, the direct mutagenicity of respirable particles has not 
significantly changed in the period 1994 -1996. Thus, my results suggest the 
important contribution of nitro-PAHs and/or other compounds present in the organic 
extracts in the direct mutagenic response.
The particles contain organic material (mainly PAHs), but the presence of more 
particles means higher human exposure to organic matter including PAHs and PAH 
derivatives. This has very important implications for human health risks in Santiago.
Respirable particulate matter and PAHs levels should be measured separately in 
research and epidemiologic studies and as indicators of health risk associated with 
inhalation exposure to particulate matter. The BaP levels detected in Santiago 
airborne particles indicate that BaP as a single substance (based on carcinogenic 
bioassay data, lARC, 1983; IPCS, 1998) might be used together with a toxicity assay 
as a complex mixture index. However, the selection of a few other PAHs, whose 
relative concentrations and carcinogenic potencies are higher might improve the 
assessment of health hazards from complex mixtures.
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Additionally, it might be possible to speculate that modulation of the MFO system by 
PAH exposure, genetic susceptiblility to risk cancer and low levels of nutrients 
might explain why some peoples environmentally exposed to PAH have greater lung 
cancer risk than others with comparable exposure. This is extremely important if we 
consider poor populations, with low nutritional status. Thus, since most air polluted 
cities are in developing countries poor populations with low nutritional status can be 
at higher risk than inhabitants similary exposed in developed countries.
My results indicate that the air pollution levels in the semi rural area of "La Pintana", 
are in agreement with the air quality standards established to protect human health, 
whereas the outdoor air quality in Bandera street (downtown Santiago) represents 
an important health risk, similar to the indoor air quality of the extreme poverty 
population studied.
According to my results, people working in very polluted outdoor areas and living 
in La Pintana have been exposed to very high indoor levels of respirable particulate 
matter, probably associated with irritative phenomena such as chronic cough, 
hoarseness, nocturnal respiratory symptoms, pneumopathis, bronchities, bronchial 
asthma and possibly with a higher risk of lung cancer.
Finally, one of the most important conclusion from this study is that similar 
particulate matter concentrations not mean necessarily similar chemical (and hence 
biological) equivalence. This was clearly observed with the particulate matter (100 
ug/m®) collected in Curacavi which was almost inert, whereas the same particle 
concentration (100 ug/m®) collected in Santiago (Bandera street or indoor ambient in 
La Pintana) consisted of high PAH levels and high mutagenicity.
FURTHER WORK
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Further Work
According to my results, Santiago's particulate matter contains high levels of 
PAHs, including six that have been classified by lARC as carcinogenic. In addittion, 
particulate matter extracts are highly mutagenic to different strains of Salmonella 
tvphimurium and to human cells, suggesting that particles contain both indirect- 
(PAHs) and direct-acting mutagenic pollutants (probably nitroarenes). Thus, 
Santiago's inhabitants have been exposed to very high levels of respirable 
particulate matter with high PAH levels which are highly mutagenic. Furthermore, 
my study also suggest that people living in semi-rural areas like La Pintana, have 
been exposed to very high indoor levels of potentially toxic respirable particulate 
matter.
Taking this information into account, my future work will focus on:
1.- To characterisation of nitro-PAH levels in organic extracts from PM2.5 and 
PM2.5-10 respirable particles, collected from both indoor and outdoor 
environments in Santiago,Chile.
2 - To investigate biomarkers of exposure associated with exposure to PAH and 
their nitro dérivâtes in human populations from extreme poverty areas. This 
will be attemped by the identification of PAH metabolites in urine and the 
mutagenic activity of urine as biomarkers of exposure to PAH.
Recently, the Ames test has been used to detect urine mutagenicity as a marker 
of human PAHs exposure in smokers and in persons exposed in occupational 
environments
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However, similar studies in populations exposed to environmental HAPs have not 
been carried out on large scale, mainly because the levels of PAHs exposure from 
urban air (in comparison to occupational environments and/or environmental 
tobacco smoke) are much lower and there may be problems with detection 
sensibility. However, as demostrated in this thesis, Santiago has very high ambient 
levels of PAHs and new strains of Salmonella tvphimurium with high sensibility 
have been developed (Watanabe et. al ,1989; Hirvonen et al., 1994, Kuenemann- 
Migeot et al., 1996; Cerna et al, 1997). According, this offers encouragement that 
the evaluateion of urinary mutagenicity by urban air PAHs may indeed be a viable 
way to assess exposure biomarker.
I am also interested in other biomarkers of exposure and risk, particulary PAH- 
and nitro PAH-DNA adducts in vivo.
3.- To relay indoor/outdoor environmental pollution data in areas of extreme 
poverty to the community, health educators, municipalities and government 
authorities. This will hopefully raise public awareness of the issues involved 
and stimulate further work into the human risks associated with environmental 
particulate matter.
PREVIOUSLY PUBLISHED PAPERS
149
N a t i o n a l  J o u r n a l s
- “Genotoxicidad y concentraciôn de metales del material particulado respirable 
intradomiciliario en Santiago Sur-Oriente”. Pino P., Oyarzùn M., Walter T., Adonis M., y 
Ortiz J. Revista Chilena de Enfermedades Respiratorias, 14 (4), 1998.
- “Contaminaciôn del aire en espacios interiores y exteriores en la ciudad de Temuco”. Gil 
L., Câceres D., Quinones L. y Adonis M. Ambiente y Desarrollo, 13 (1), 70-78,1997.
- “Contaminaciôn Atmosférica Efectos en la Salud Humana”. Gil L. y Adonis M. 
Cuademos, Medicos Sociales. XXXVI,4, pp 9-15 ISSN 0716-1336, 1995.
- ’’Influencia de la contaminaciôn atmosférica en la calidad del aire de espacios interiores“ 
L. Gil, M. Adonis, D. Câceres y G. Moreno. Revista Médica de Chile, 123: 411-425, 1995.
- “Contaminaciôn del aire de espacios interiores” M. Adonis, D. Câceres, G. Moreno y L. 
Gil. Ambiente y Desarrollo, 11(1): 79 - 89, Marzo 1995 .
- “Dano cromosômico en el cariotipo humano provocado por agentes carcinogénicos del 
aire de Santiago". M. Silva, V. Daher, M. Adonis y L. Gil. Revista Sociedad de 
Cancerologia, Vol.2,31-35,1992.
- “Genotoxicidad de extractos orgânicos obtenidos del material particulado del aire de 
Santiago de Chile”. L. Gil, M. Adonis, M. Silva, H. Vâsquez and L. Quinones. (1991) 
Revista Chilena de Enfermedades Respiratorias, Vol. 8( 4 ): 216-222, 1991.
- “Riesgos para la salud humana por la exposiciôn a contaminantes de alta toxicidad en el 
aire de Santiago” L. Gil, M. Adonis, M. Silva, L. Quinones and I. Salazar. Ambiente y 
Desarrollo, 64-70, 1991.
150
I n t e r n a t i o n a l  J o u r n a l s
- “Influence o f atmosferic air pollution on indoor air quality. Comparison o f chemical 
pollutants and mutagenicity levels in Santiago (Chile)”. Gil L., Câceres D. and Adonis 
M. Indoor+Built Environment. 6(2): 120-139, 1997.
- “Hepatic Enzyme Induction and Mutagenicity o f Airborne Particulate Matter Jfrom 
Santiago, Chile in Nourished and Malnourished Rats ”. Adonis M ., Quinones L., Gil L. 
and Gibson G. Xenobiotica, 27 (4), 1-10,1997.
- “Hidrocarburos Policiclicos Aromâticos y Genotoxicidad del material particulado del aire 
de Santiago de Chile”. Gil L., Adonis A. e Irarrâzabal C. En: Riesgos Naturales e 
inducidos en los grandes centros urbanos de America Latina. Serie SCIENZA 6. HLA pp. 
142-151, 1996.
- “Polycyclic Aromatic Hydrocarbons Levels and Mutagenic Activities of Organic Extracts 
from Airborne Particles in Santiago of Chile”.Adonis M. and L.Gil. Indoor+Built 
Environment. 5: 155-164, 1996.
- “Modulation of the Hepatic Antioxidant Defense System by Air Pollutants from Urban 
Areas”. Fuentes, O R., A. Lastra, M. Adonis and L. Gil. Ciência e Cultura. Vol. 48 (1- 
2): 51-54, 1996.
- “Mutagenicity o f organic extracts fi*om Santiago (Chile) airborne particulate matter“. M. 
Adonis and L. Gil. Mutation Research,292:51-61,1993.
- “Changes on rat liver monooxygenases by administration of extracts from urban air 
particulates“. L. Gil, I. Salazar, L. Quinones, C. Irarrâzabal, G. Gibson and M. Adonis. 
Journal o f Basic and Clinical. Physiology & Pharmacology, 3, 291,1992.
- “Hidrocarburos aromâticos policiclicos y mutagenicidad del material particulado 
respirable del aire de Santiago de Chile”. Adonis M. y Gil L. Proceedings del 1° Congreso 
Mundial sobre Contaminaciôn del Aire en Paises en Via de Desarrollo.pag.270 -278,1996.
- “Contaminaciôn atmosférica. Riesgo para la salud humana en grandes ciudades. Agentes 
cancerigenos y actividad mutagénica del material particulado del aire de Santiago de 
Chile”. Gil L., Quifiones L. y Adonis M. Proceedings del 1® Congreso Mundial sobre 
Contaminaciôn del Aire en Paises en Via de Desarrollo.pag. 242 -247, 1996.
REFERENCES
151
References
Abbey DE, Burtchette RJ, Knutsen SF, McDonnell WF, Lebowitz MD and Enright 
PL(1998). Long term particulate and other air pollutants and lung function in 
nonsmokers. Am. J Respir Crit Care Med; 158(1); 289 -298.
Adonis M, Caceres D, Moreno G and Gil L (1995). El caso del centro de Santiago: 
Contaminacion del aire en espacios interiores. Ambiente y Desarrollo; Vol XI. N °l, 
March.
Adonis M, Caceres D, Moreno G and Gil L(1997). Infiltracion de Aire Exterior y su 
influencia en la Calidad de Aire de Interiores. in: Calidad de Aire de Interiores. 
Contaminantes y Efectos en la Salud Humana pp 117-139. Editorial Universitaria.
Adonis M and Gil L (1993). Mutagenicity of organic extracts from Santiago (Chile) 
airborne particulate matter. Mutat. Res.; 292: 51-61.
Albagli A, Oja H and Dubois L (1974). Size distribution pattern o f polycyclic aromatic 
hydrocarbons in airborne particulates. Environ Lett; 6(4): 241 -251.
Alfheim I and Moller M (1981). Mutagenicity o f airborne particulate matter in relation to 
traffic and metereological conditions, in: MD. Waters, SS. Shandu, J. Lewtas-Huisingh, L 
Claxton and S Nesnow (eds.). Short tem bioassays in the analysis o f complex 
environmental mixtures II, Plenum, New York; pp 319 -336.
Ames BN, McCann J and Yamasaki E (1975). Methods for detecting carcinogens and 
mutagens with the Salmonella/mammalian-microsome mutagenicity test. Mutat. Res.; 31, 
347-364.
Ashby J, Lefevre PA, Shank T, Lewtas J and Gallagher JE (1991). Relative sensitivity o f 
^^P-postlabelling o f DNA and the autoradiographic UDS assay in the liver o f mice 
exposed to 2-acetylaminofluorene (2AAF). Mutat Res; 252, 259 -268.
Atherholt TB, McGarrity GJ, Louis JB, McGeorge LJ., Lioy PJ, Daisey JM, Greenberg A  
and Darack F (1985). Mutagenicty studies o f New Jersey ambient ai particulate extracts. 
In Waters MD, Sandhu SS, Lewtas J, Claxton L, Strauss G, Nesnow S (eds.): Short term 
Bioassays in the Analysis of Complex Enwonmental Mixtures IV. New York and 
London: Plenium Press; pp 211 -231.
Aranda C (1992). Monitoreo Epidemiologico de los Efectos de la Contaminacion 
Atmosférica en las Enfermedades Respiratorias Infantiles. Mimeo UNICEF, Santiago de 
Chile.
Ayrton AD., Lewis DF., Walker R and loannides C (1992). Antimutagenicity o f ellagic 
acid towards the food mutagen IQ: Investigation into possible mechanisms of action. Fd. 
Chem Toxic; 30(4): 289 -295.
Baek SO Goldstone ME, Kirk PWW, Lester JN and Perry R (1991). Methodolo^cal 
aspects o f measuring polycyclic aromatic hydrocarbons in urban atmosphere. Environ 
Technol;12: 107-129.
Baek SO Goldstone ME, Kirk PWW, Lester JN and Perry R(1992). Concentrations of 
Particulate and Gaseous Polycyclic Aromatic Hydrocarbons in London Air Following a 
Reduction in the Lead Content o f Petrol in the United Kingdom, Sci. Total Environ.; I l l :  
169-199.
152
Bagnoli P, Carrozzino S, Pisani B and Righini F (1997). Chemical characterization of the 
PMio fraction o f airborne particulate matter in the urban atmosphere. J. Environ Pathol 
Toxicol Oncol; 16(2-3): 219 -225.
Barale R, Zucconi D, Girgelli F, Carducci AL, Tonelli M and Loprieno N(1989). 
Mutagenicity o f airborne particles from a non-industrial town in Italy Envim Mol 
Mutagenesis; 13: 227 -233.
Barale R, Giromini L, Ghelardini G, Scapoli C, Loprieno N, Pala M., Valerio F and Barrai 
I (1991). Correlations between 15 polycyclic aromatic hydrocarbons (PAH) and the 
mutagenicity o f the total PAH fraction air particles in La Spezia (Italy). Mutat Res; 249; 
227-241.
Beland FA and Kadlubar FF (1990). Metabolic activation and DNA adducts o f aromatic 
amines and nitroaromatic hydrocarbons. Handbook o f Experimental Pharmacology.; 94(1). 
Chemical Carcinogenesis and Mutagenesis 1. Cooper CS. And Grover PL. (eds.), pp 267 -  
326.
Belisario MA, Pecce R, Maturo M, Avagnale G, Sannolo N  and Malomi A (1995). 
Erythrocyte-mediated toxification of 1,8 -dinitropyrene: I. reduction.; 71(1-2): 27-34. 
Belisario MA, Pecce R, Garofalo A, Sannolo N  and Malomi A(1996). Erythrocyte enzyme 
catalyze 1-nitropyrene and 3-nitrofluoranthene nitroreduction. Toxicology; 15; 108(1-2): 
101 -108.
Belmar R, Aranda C, Orrego M, Vergara M E, Salinas M and Martinez D (1989). Estudio 
epidemiologico sobre efectos de la contaminacion atmosférica (EECONATS). Intendencia 
Regional Metropolitana, Serplac, ARA-Seebla-Consecol. Informe Final.
Bemolet-Moens C, Glickman BW and Gordon AJE (1990). Induction of specific 
frameshift and base substitution events by benzo(a)pyrene diolepoxide in excision-repair- 
deficient Esc/zenc/z/a co//. Carcinogenesis; 11:781 -785.
Bmnekreef B, Dockery DW, Speizer FE, Ware JH, Spengler JD and Ferris BG (1989). 
Home dampness and respiratory morbidity in children. Am Rev Respir Dis.; 140: 1363- 
1367.
Bunger J, Krahl J, Franke HU, Munack A. and Hallier E (1998). Mutagenic and cytotoxic 
effects of exhaust particulate matter o f biodiesel compared to fossil diesel fuel. Mutat Res; 
45(1-2): 13 -23.
Burnett RT, Cakmak S, Brook JR and Krewsski D (1997). The role o f particulate size and 
chemistiy in the association between summertime ambient air pollution and hospitalization 
for cardiorespiratory diseases. Environ. Health Perspectives, 105(6); 614-620.
Busby WF Jr, Smith H, Bishop WW, Thilly WG (1994). Mutagenicity of mono- and 
dinitropyrenes in the S a lm o n e l la  t y p h im u r iu m  TM677 forward mutation assay. Mutat Res; 
322(4):221-232.
Busby WF Jr, Smith H, Crespi CL, Penman BW and Lafleur AL (1997). Mutagenicity of 
the atmospheric transformation products 2-nitrofluorathene and 2-nitrodibenzopyranone in 
Salmonella and human cell forward mutation assays. Mutat Res, 389; 261-270.
Butler M, Lang N, Young J, Caporaso N, Vineis P, Hayes R, Teitel C, Massengill J, 
Lawson M and Kadlubar F (1992). Determination o f CYP1A2 and N-acetyl transferase 2 
phenotypes in human populations by analysis o f caffeine urinary metabolites. 
Pharmacogenetics; 2: 116-127.
153
Calderon L, Osnaya N, Rofiiguez A and Villareal A (1997). DNA damage in nasal 
respiratory epithelium from children exposed to urban pollution. Environ Mol Mutagen.; 
30(1): 11-20.
Carrasco S, Martinez J and Vial C. (1997). Poblacion y Necesidades Basicas en Chile 
(1982-1994). MDDEPLAN-FNUA.
Casarett and Doulls (1996). Toxicology. (Klaassen CD.; eds.); pp 1111.
Castonguay A, Boukharta M and Teel R (1998). Biodistribution of, antimutagenic 
efficacies in Salmonella tvphimurium of, and inhibition o f P450 activities by ellagic acid 
and one analogue. Chem Res Toxicol; 11(11): 1258 -64.
Cema M, Pastorkova A, Myers SR, Rossner P and Binkova B (1997). The use o f a urine 
mutagenicity assay in the monitoring of environmental exposure to genotoxins. Mutat Res; 
391 (1-2): 99-110.
Chakraborti D, Van Vaeck L and Van Espen P (1988). Calcutta pollutants: Polynuclear 
aromatic hydrocarbon and some metal concentration on air particulates during winter 
1984. Int J Environ Anal Chem; 32, 109-120.
Chaloupka K, Santosstefano M, Goldfard IS, Liu G, Myers MJ, Tsyrolv IB, Gelboin HV, 
Krishnan V and Safe S (1994). Aryl hydrocarbons (ah) receptor-independent induction of 
Cyp la2 genes expression by acenaphthylene and related compounds in B6C3F1 mice. 
Carcinogenesis; 15: 2835 -2840.
Choudhury AH, Gordian ME and Morris SS (1997). Associations between respiratory 
illness and PMio air pollution. Arch Environ Health; 52(2): 113-117.
Clarke SE (1998). In vitro assessment of human cytochrome P450. Xenobiotica; 28(12): 
1167-1202..
Cohen BS, Xiong JQ, Fang CP and Li W (1998). Deposition o f charged particles on lung 
airways. Health Phys; 74(5):554 -560.
Colmsjo L, Zebuhr YU and Ostman CE (1986) Polynuclear aromatic compounds in the 
ambient air o f Stockholm. Chemosphere; 15: 169-182.
CONAMA (1997). Santiago limpia el aire de Santiago. Documento anexo al plan de 
prevencion y descontaminacion, preparado por el: Proceso participativo del plan de 
descontaminacion de Santiago.
Cone JE and Hodgson MJ (eds) (1989): Problems buildings:Building-associated illness and 
the sick building syndrome. Occup Med; 4(4):575-797.
Conney AH (1987). Induction o f microsomal enzymes by foreign chemicals and 
carcinogenesis by polycyclic aromatic hydrocarbons: G.A.H. Clowes Memorial Lecture, 
Cancer Res.; 42, 4875-4917.
Crebelli R, Fuselli S, Meneguz A, Aquilina G, Conti L, Leopardi P, Zigno A., Baris F and 
Carere A (1988). In vitro and in vivo mutagenicity studies with airborne particulate 
extracts. Mutat Res; 204: 565-575.
Crespi CL, Liber HL, Behymer ID , Hites RA and Thilly WG (1985). A human cell line 
sensitive to mutation by particle-borne chemicals. Mutat Res; 157; 71-75.
De Flora S, Camotrano A, Izzotti A, DAgos ni F, Bennicelli C (1989). Photoactivation of 
mutagens. Carcinogenesis; 10:1089-1097.
de Hartog JJ, van Vliet PH, Bmnekreef B., Knape MC, Janssen NA and Harssema H 
(1997). Relation between air pollution due to traffic, decreased lung function and airway 
symptoms in children. Ned. Tijdschr Geneeskd; 141 (38): 1814 -1818.
DeMarini DM, Bell JG, Levine JG, Shelton ML and Abu-Sharkra A (1993). Molecular 
analysis o f mutations induced at the hisD3052 allele o f Salmonella by a single chemical and 
complex mixtures. Environ Health Perspect; 101 (Supple3): 207 -212.
154
De Marini D, Sheilton M and Douglas A (1994). Mutation Spectra in Salmonella of 
Complex Mixtures: Comparison o f Urban Air to Benzo(a)pyrene. Environmental and 
Molecular Mutagenesis; 2 4 :  262-275.
Denissenko MF, Pao A, Tang M and Pfeifer GP (1996). Preferencial formation of 
benzo(a)pyrene adducts at lung cancer mutational hot spots in p53. Science; 274; 430-432. 
De Raat WK (1988). Polycyclic aromatic hydrocarbons and mutagens in ambient air 
particles. Toxicol Environ Chem; 16:259-279.
Diesel Exhaust Emission In: Rosner G., editor. (1996).Diesel fuel and exhaust emission. 
Geneva: World Health Organization, 91-100.
Dockery DW, Speizer FE, Stram DO, Ware JH, Splenger JD and Ferris BG (1989). 
Effects o f inhalable particles on respiratory health of children. Am Rev Respir Dis; 139: 
587 -594.
Dockery DW, Pope AC , Xu X, Spengler JD, Ware JH, Fay ME, Ferris BG Jr, Speizer FE 
(1993). An association between air pollution and mortality in six U.S. cities. N  Engl J Med; 
329(24): 1753-1759.
Drouin EE and Loechler EL (1993). AP sites are not significantly involved in mutagenesis 
by the (+)-anti diol epoxde of benzo(a)pyrene: The complexity o f its mutagenic specificity 
is likely to arise from adduct conformational polymorphism Biochemistry; 32: 655 -6562. 
EPA. USA. (1989). Proposed revision to the nations ambient air quality standard for 
particulate matter. Fed. Reg; 49: 10408 -10435.
EPA. USA. (1992). National Air Quality Emissions Trens Report.
Expert panel on air quality standards (1995a). Particles. ISBM. 011 753199 5; pp 1-29. 
Expert panel on air quality standards (1995b). Sulphur dioxide. ISBM. Oil 753135 9; pp 
1-27.
Faiz A, Gautam S and Burki E (1995). Air pollution from motor vehicles: issues and 
options for Latin American countries. The Science of the Total Environ.; 169: 303 -310. 
Flessel P, Wang Y, Chang K and Wesolowski J (1987). Ames testing for mutagens and 
carcinogens in air. Journal of Chemical Education; 64: 391 -395.
Flessel P, Wang YY, Chang K, Wesolowski JJ, Guirguis GN, Kim I, Levaggi D and Siu W 
(1991). Seasonal variations and trends in concentrations o f filter-collected polycyclic 
aromatic hydrocarbons (PAHs) and mutagenic activity in the San Francisco bay area 
Journal o f the air & Waste Management Association; 41: (3): 276-281.
Fridlander SK and Lippman M (1994). Revising the particulate ambient air quality 
standard. Environment^ Science and Technology; 28: 148 -150.
Fu P (1990). Nitro polycyclic aromatic hydrocarbons. Drug Metabolism Rewiews; 
22(2&3): 209 -268.
Fu PP, Herreno D, Von Tungeln LS, Lay JO, Wu YS, Lai JS and Evans FE (1994). DNA 
adducts and carcinogenicity of nitro-polycyclic aromatic hydrocarbons. Environ Health 
Perspect; 102(6): 177-183.
Gallager JE, Jackson MA, George MH and Lewtas J. (1990). Dose-related differences in 
DNA adduct levels in rodent tissues following skin application o f complex mixtures from 
air pollution sources. Carcinogenesis; 11: 63-68.
Gallager JE, Kohan MJ, George MH and Lewtas J (1991). Improvement in the diagnostic 
potential o f ^^P-postlabelling analysis demonstrated by the selective formation and 
comparative analysis of nitrated-PAH-derived adducts arising from diesel particle extracts. 
Carcinogenesis; 12: 1685 -1691.
Gamble JF and Lewis RJ (1996). Health and respirable particulate (PMio) air pollution: a 
causal or statistical association?. Environ Health Perspect; 104(8): 838 -850.
155
Gamble JF (1998). PM2.5 and mortality in long term prospective cohort studies: Cause 
effect or statistical associations?. Environ. Health Perspect.; 106(9): 535 -549.
Gamer RC, Miller EC and Miller JA (1972). Liver microsomal metabolism of aflatoxin B1 
to a reactive derivative toxic to Salmonella tvphimurium TA1530. Cancer Res; 32; 2058- 
2066.
Gerde P, Muggenburg BA, Thomton-Manning JR, Lewis JL, Pyon KH and Dahl AR. 
(1997). Benzo(a)pyrene at an environmentally relevant dose is slowly absorbed by, and 
extensively metabolized in, tracheal epithelium. Carcinogenesis; 18(9): 1825 -1832.
Gibson G and Skett P (1994). Introduction to dmg metabolism. (Gibson G. and Skett P.; 
eds.); pp 1-266.
Gil L, Orellana , Vasquez H and Silva M (1988). Nutritional related alterations on liver 
microsomes testosterone hydroxylases. International Journal o f Andrology; 11: 339 -348. 
Gil L, Irarrazabal C, Daud P and Polo Pena M (1993). Niveles de los principales 
contaminantes atmosféricos regulados en Santiago de Chile, Ciudad de Mexico y ciudades 
de Estados Unidos . Ambiente y Desarrollo; 9:74-79.
Gil L and Adonis M (1996). Polycyclic Aromatic Hydrocarbons Levels and Mutagenic 
Activities of Organic Extracts from Airborne Particles in Santiago of Chile. Indoor+Built 
Environment; 5: 155-164.
Gil L, Caceres D and Adonis M (1997). Influence of atmosferic air pollution on indoor air 
quality. Comparison of chemical pollutants and mutagenicity levels in Santiago (Chile). 
Indoor+Built Environment. 6: 320-330.
Gonzalez F J (1990). Molecular genetics o f the P-450 superfamily. Pharmac. Ther.; 45: 1- 
38.
Gonzalez FJ, and Idle JR (1994). Pharmacogenetic phenotyping and genotyping. Present 
status and future potential. Clin. Pharmacokinet; 26 (1): 59-70.
Gotticher M, Widmark E, Li Q and Gustafsson JA (1992). Fatty acids activate chimera of 
the clofibric acid activated receptor and the glucocorticoid receptor. Proceedings o f the 
National Academy of Sciences USA; 89: 4653 -4660.
Greenberg A, Darack F, Markov IT, Lioy P and Daisey JT (1985). Polycyclic aromatic 
hydrocarbons in New Jersey: A comparison o f winter and summer concentrations over a 
two-years period. Atmos Environ; 19:1325-1339.
Grimmer G, Nanjack KW and Schneider D (1981). Comarison of the profiles of polycyclic 
aromatic hydrocarbons in different areas o f a city by glass-capillary-gas-chromatography in 
the nanogram-range. International J o f Environ Analytic Chem; 10: 265 -276.
Grimmer G, Dettbam G, Naujack KW and Jacob J (1991). Excretion of hydroxy 
derivatives of polycyclic aromatic hydrocarbons o f the masses 178, 202, 228 and 252 in 
the urine o f coke and road workers. Int. J. Environ Anal Chem; 43: 177 -186.
Grinberg RA, Singh VN, Perera FP, Bell DA, Young T, Dickey C, Wong LW and Santella 
RM (1994). Polycyclic aromatic hydrocarbons-DNA adducts in smokers and their 
relationship to micronutrient levels and glutathione S-transferase M l genotype. 
Carcinogenesis; 15: 2449 -2454.
Griiter A, Friederich U and Würgler FE (1990). Antimutagenic effects o f mushrooms. 
Mutat Resear; 231: 243 -249.
Guengerich FP. and Shimada T. (1991). Oxidation o f toxic and carcinogenic chemicals by 
human cytochrome P450 enzymes. Chem. Res. Toxicol.; 4: 391 -407.
156
Gupta RC (1994). Nonrandom binding o f the carcinogen N-hydroxy 2-acetyl­
aminofluorene to repetitive sequences in rat liver DNA in vivo. Proc Natl Acad Sci USA, 
81; 6943-6947.
Gustafson K and Dickhut R (1997). Particles/gas concentrations and distribution o f PAHs 
in the atmosphere o f southern Chesapeake Bay. Environ Sci Technol; 3: 140 -147.
Halsall CJ, Coleman PJ, Davis BJ, Burnett DV, Waterhouse KS, Harding-Jonès P and 
Jones KC (1994a). Polycyclic aromatic hydrocarbons in UK air. Environ Sci Technol; 28: 
2380 -2386.
Halsall C, Burnett V, Davis B, Jones P, Pettit C and Jones KC (1994b). PCBs and PAHs in 
UK urban air. Chemosphere;26:21 85-2197.
Hammond, SK, Leaderer, BP, Roche AC and Schenker M. (1987). Collection and analysis 
of nicotine as a marker for environmental tobacco smoke. Atmospheric Environ; 2: 457- 
462.
Hannigan M, Cass G, Penman B, Crespi C, Lafleur A, Biisby W and Thilly W (1997). 
Human Cell Mutagens in Los Angeles Air. Environ Sci Technol, 31, 438-447.
Harkov R (1982). Toxic air pollutants-assessing their importance. Sci Total Environ; 26: 
67 -85.
Hayakawa K., Nakamura A, Terai N, Kizu R and Ando K (1997). Nitroarene 
concentrations and direct-acting mutagenicity o f diesel exhaust particulates fractionated by 
silica-gel column chromatography. Chem Pharm Bull; 45(11): 1820 -1822.
Hietenen E (1980). Modification o f hepatic drug metabolising enzyme activities and their 
induction by dietary protein. General Pharmacology; 11: 443 -450.
Hirvonen A, Nylund L, Kociba P, HusgafVel-Pursiainen K and Vainio H (1994). 
Modulation o f urinary mutagenicity by genetically determined carcinogen metabolism in 
smokers. Carcinogenesis; 15: 813-815.
Hodgson E and Levi PE (1994). Introduction to Biochemical Toxicology (norwalk: 
Appleton & Lange).
Howard PC and Beland FA (1982). Xanthine oxidase catalyzed binding o f nitropyrene to 
DNA. Biochem. Biophys. Commum; 104: 727 -732.
lARC (1983). Polynuclear Aromatic Compounds, Part 1. Chemical Environmental and 
experimental Data, lARC Monographs 32. International Agency for Research on Cancer, 
Lyon, pp. 33-68.
lARC (1986). Evaluation o f the carcinogenic risk o f chemicals to human. Tobacco 
smoking. WHO; 38: 421, lARC, Lyon, France.
lARC, 1989. Evaluation o f carcinogenic risks to humans. Diesel and gasoline engine 
exhaust and some nitroarenes 46. International Agency for Research on Cancer, Lyon, 
France, 41-155.
Inmon J, Stead A, Waters MD and Lewtas J(1981). Development o f a Toxicity Test 
System Using Primary Rat Liver Cells. In Vitro; 17(11), 1004-1010 
IPCS (1998). Environmental Health Criteria 202. Selected non-heterocyclic Polycyclic 
aromatic hydrocarbons. WHO, Geneva, ISBM. 9241572027; pp 1-883.
Jacob J, Grimmer G and Schmoldt A (1981). The influence o f polycyclic aromatic 
hydrocarbons as inducers o f monooxygenases on the metabolic profile of  
benzo(a)anthracene in the rat liver microsomes. Cancer Lett, 14; 175-185.
Jacob J (1996) Mammalian organism -Cell cultures- Enzymes. A comparison of in vivo and 
in vitro systems. In: Mohr M, Adler K, Dungworth D, Haris C, Plopper C and Seracci R 
(eds.) Correlations between in vitro and in vivo investigations in inhalation toxicology. 
Washntong DC, International Life Sciences Institute Press, pp 29 -297.
157
Janssen NA, Hoek G, Harssema H and Bmnekreef B (1997). Childhood exposure to 
PMIO: relation between personal, classroom, and outdoor concentrations. Occup Environ 
Med; 54(12):888-894.
Jarvis D, Chinn S, Sterne J, Luczynska C and Burney P (1998). The association of 
respiratory symptoms and lung function with the use o f gas for cooking. European 
Community Respiratory Health Survey. Eur Respir J;11(3):651-658.
Jedrychowski W and Flak E (1998). Effects o f air quality on chronic respiratory symptoms 
adjusted for allergy among preadolescent children. Eur Respir; 11(6): 1312-1318.
Jerina DM, Sayer JM, Thakker D]^ Yagi H., Levin W, Wood AW and Conney AH 
(1980). Carcinogenicity o f polycyclic aromatic hydrocarbons: the bay-region theory. In: 
Pullman, B., Ts, P.O.P and Gelboin, H., eds, Carcinogesis: Fundamental Mechanisms and 
Environmental Effects, Hngham, MA, D Reidel Publishing Co; pp. 1-12.
Jones AP (1998). Asthma and domestic air quality. Soc Sci Med.; 47(6):755-764.
Josephy PD, Lord HL and Snieckus VA (1990). Inhibition o f benzo(a)pyrene dihydrodiol 
epoxide mutagenicity by synthetic analogues o f ellagic acid. Mutat Res; 242:143 -149.
Kado N, Gurguis N, Guirguis C, Flessel C, Chan R, Chang K and Wesolowski J (1986). 
Mutagenicity o f fine (<2.5 |im) airborne particles: Diurnal variation in community air 
determined by Salmonella micro preincubation (microsuspension) procedure. Environ. 
Mutagenesis; 8: 53 -66.
Kari FW, Kaufi&nan FC and Thurman RG (1984). Characterization o f mutagenic 
glucuronide formation from benzo(a)pyrene in the nonrecirculating perfused rat liver. 
Cancer Res; 44(11): 5073 -5078.
Kertész Saringer M, Mészaros E and Varkonyi T (1971). On the size distribution of 
benzo(a)pyrene containing particles in urban air. Atmos Environ; 5: 429 -431.
Kramer PGN (1987). Mutagenicity and cytotoxicity o f aerosol extracts; in Genetic Effects 
of Environmental Chemicals, Repon N. FUR 11315, Commission ofthe European 
Communities, I, pp 77-95.
Kuenemann-Migeot C, Callais F, Momas I and Festy B (1996). Urinary promutagens of 
smokers: comparison of concentration methods and relation to cigarette consumption. 
Mutat Res 368(2): 141-147.
Kuo CY, Cheng YW, Chen CY and Lee H (1998). Correlations between the amounts of 
polycyclic aromatic hydrocarbons and mutagenicity of airborne particulate samples fi’om 
Taichung city, Taiwan Environ Res; 78(1): 43-9.
Kuratsune M, Tokudome S, Shirakusa T and Yoshida M (1974). Occupational lung cancer 
among copper smelters. Int J Cancer; 13: 552 -558.
Lawther PJ and Waller RE (1976). Coal fires, industrial emissions and motor vehicles as 
sources o f environmental carcinogns. lARC Scientific Publications; 13: 27 -40.
Leaderer BP (1982). Air pollutan emissions from kerosene heaters. Science; 218:1113. 
Levin W, Thomas PE, Ryan DE and Wood AW (1987). Isoenzyme specificity of 
testosterone 7 alpha-hydroxylation in rat hepatic microsomes: is cytochrome P450a the 
sole catalyst?. Arch Biochem Biophys; 258; 624 -630.
Lewtas J and Nishioka MG (1991). Nitroarenes: Their detection, mutagenicity in the 
environment. In Nitroarene Occurrences, Metabolism and Biological Impact (Howard RC, 
Hecht SS and Beland FA (eds.), pp 61 -72, Plenum press. New York.
158
Li AP, Kaminski DL, and Rasmussen A (1995). Substrates of human cytochrome P450 
3A4. Toxicology; 104: 1-8.
Lioy PJ and Daisey JM (1986). Airborne toxic elements and organic substances. Environ 
Sci Technol; 20: 8-14.
Lofroth G (1981). Comparison o f the mutagenic activity in carbon particulate matter and 
diesel and gasoline engine exhaust in: MD. Waters, Shandu SS, Lewtas-Huisingh J, 
Claxton L and Nesnow S (eds.). Short Term Bioassay in the Analysis o f Complex 
Environmental Mixtures II, Plenum, New York, pp 319 -336.
Lowenthal DH, Zielinska B, Chow JC, Watson JG, Gautman M, Ferguson DH, Neuroth 
GR and Stevens KD (1994). Characterization o f heavy-duty diesel vehicle emissions. 
Atmos. Environ; 28: 731 -743.
Lowry OH, Rosenbrough JN, Fan A and Randall RJ (1951). Protein measurement with 
folin phenol reagent. J Biol Chem; 193: 265 -275.
Maron DM and Ames BN (1983). Revised methods for the Salmonella mutagenicity test, 
Mutat Res; 113: 117-215.
Masclet P, Mouvier C and Nikolaou K (1986). Relative decay index and sources of 
polycyclic aromatic hydrocarbons. Atmos Environ; 20:439-446.
Menichini E (1992). Urban air pollution by polycyclic aromatic hydrocarbons. Levels and 
sources of variability. Sci. Total Environ; 116: 109-135.
Miguel AC, Daisey IM and Sousa JA (1990). Comparative study of the mutagenic and 
genotoxic activity associated with inhalable particulate matter in Rio de Janeiro air. 
Environ Mol Mutagens; 15:36-43.
Miguel A, Kirchstetter TW and Harley R (1998). On Road Emissions o f Particulate 
Polycyclic Aromatic Hydrocarbons and Black Carbon from Gasoline and Diesel Vehicles 
Environ Sci Technol; 32, 450-455.
Miller EC (1978). Some current perspectives on chemical carcinogens in humans and 
experimental animals: Presidential Address Cancer Res; 38: 1479 -1496.
Minoia C, Magnaghi S, Micoli G, Fiorentino ML, Turci R, Angeleri S and Berri A (1997). 
Determination of environmental reference concentration of six PAHs in urban areas (Pavia, 
Italy). Sci Total Environm., May 9; 198(1):33-41.
Moller M and Afheim I (1980). Mutagenicity and PAH anlysis of airborne particulate 
matter. Atmosph Environ.; 14: 83 -88.
Moller L (1994). In vivo metabolism and genotoxic effects o f nitrated polycyclic aromatic 
hydrocarbons. Environ. Health Perspect.; 102(4): 139 -146.
Monarca S, Crebelli R, Feretti D, Zanardini A, Fuselli S, Filini L, Resola S, Bonardelli PG 
and Nardi G (1997). Mutagens and carcinogens in size classified air particulates o f a 
northern Italian town. Sci Total Environ; 205(2-3): 137 -44.
Monn C, Fuchs A, Hogger D, Junker M, Kogelschatz D, Roth N  and Wanner HU (1997). 
Particulate matter less than 10 |im (PMio) and fine particles less than 2.5 |am (PM2.5): 
relationships between indoor, outdoor and personal concentrations. Sci Total Environ; 
208(1-2):15-21.
Mooney LA, Bell DA, Santella RM, Van Bennekum AM, Ottman R, Paik M, Blaner WS, 
Lucier GW, Covey L, Young T, Cooper TB, Glassman AH and Perera FP (1997). 
Contribution of genetic and nutritional factors to DNA damage in heavy smokers. 
Carcinogenesis; 18(3): 503 -509.
159
Morrison VM, Burnett AK and Craft JA (1991). Metabolism of 7,12- 
dimethylnenz(a)anthracene in hepatic microsomal membranes from rats treated with 
isoenzyme selective inducers o f cytochromes P450. Biochem Pharmacol; 41: 1505 -1512. 
Müller JF, Hawker DW and Connell DW (1998). Polycyclic aromatic hydrocarbons in 
the atmospheric environment o f Brisbane, Australia. Chemosphere; 37(7): 1369-1383. 
Murphy SA, BeruBe KA, Pooley FD and Richards RJ (1998). The response o f lung 
epithelium to well characterised fine particles. Life Sci; 62(19): 1789 -1799.
Nakanishi Y, Chen S, Inutsuka S, Ma Y, Jiang X, Hara N, Sera N  and Tokiwa H (1997). 
Possible role o f indoor environmental and coal combustion emission in lung 
carcinogenesis in Fuyuan County, China. Neoplasma; 44(1): 69 -72.
- National Academyof Science Report, USA(1972). Particulate polycyclic organic matter. 
Committee on biological effects of atmospheric pollutants. Division o f Medical Science, 
National Research Council, Washington DC.
- National Air Quality Emissions Trends Report (1992). USA, EPA.
- National Research Council (1981). Health Effects o f Exposure to Diesel Exhaust, 
Washington DC, National Academy Press.
- Natusch DF and Taylor DR (1980). Environmental effects of wester coal combustion: 
part 4. EPA. N° 600/3 -80-094.
- Okey AB (1990). Enzyme induction in the cytocrome P-450 system. Pharmac Ther; 
45:198-241.
- Okita T, Yanagihara M, Yoshida K, Iwata M, Tanabe K and Hara H (1994). 
Measurements o f air pollution associated with oil fires in Kuwait by a Japanese research 
team. Atmos Environ, 28; 2255-2259.
- Orellana M, Valdes E, Capdevilla J and Gil L (1989). Nutritionally triggered alterations 
in the regiospecificity o f arachidonic acid oxygenation by rat liver microsomal 
cytochrome P450. Archives of Biochemistry and Biophysics; 274: 251 -258.
- Ormstad H, Johansen BV and Gaarder PI (1998). Airborne house dust particles and diesel 
exhaust particles as allergen carriers. Cin. Exp. Allergy; 28(6): 702 -8.
- Osborne MR and Crosby NT (1987) . Benzo(a)pyrene. In: Benzopyrenes. Cambridge, 
Cambridge University Press, pp 229 -250. (Cambridge Monographs on Cancer Research).
- Ostro B, Sanchez J, Aranda C and Eskeland G (1996). Air pollution and mortality: results 
from a study o f Santiago, Chile. Journal o f Exposure Analysis and Environmental 
Epidemiology; 6(1): 97 -114.
- Ostro B and Chestnut L (1998). Assessing the health benefits o f reducing particulate 
matter air pollution in the United States Environ Res; 76(2): 94 -106.
- Pekkanen J, Timonen KL, Ruuskanen J, Reponen A and Mirme A  (1997). Effects o f 
ultraflne and fine particles in urban air on peak expiratory flow among children with 
asthmatic symptoms. Environ Res; 74(1): 24 -33.
- Perera FP (1988). The significance of DNA and protein adducts in human biomonitoring 
studies. Mutat Res; 205: 225 -269.
- Peters A, Wichann HE, Tuch T, Heinrich J and Heyder J (1997). Respiratory effects are 
associated with the number o f ultrafine particles. Am J Respir Crit Care Med; 155(4): 
1376-1383.
- Petry T, Schmid P and Schlatter C (1996). The use o f toxic equivalency factors in 
assessing occupational and environmental health risk associated with exposure to airborne 
mixture of polycyclic aromatic hydrocarbons (PAHs). Chemosphere; 32(4): 639 -48.
160
Phillips JL, Field R, Goldstone M, Reynolds GL, Lested JN and Perry. R (1993). 
Relationships between indoor and outdoor air quality in four naturally ventilated offices in 
the United Kingdon. Atmospheric Environ; 27A (11): 1743.1753.
Pino P, Oyarzun M, Walter T, von Baer D, Romieu I. (1998). Indoor air pollution in 
southeast Santiago, Chile Rev Med Chile; 126(4);367-374.
Pistikopoulos P, Wortham HM, Gomes L, Masclet-Beyne S, Bon Nguyen E, Masclet PA 
and Mouvier G (1990). Mechanisms o f formation o f particulate polycyclic aromatic 
hydrocarbons in relation to the particle size distribution: effects on meso-scale transport. 
Atmospheric Environ; 24A(10): 2573 -2584.
Pitts Jr JN Atkinson R, Sweetman JA and Zielinska B (1985). Determination o f 2- 
nitrofluoranthene and 2- nitropyrene in ambient particulate organic matter: evidence for 
atmospheric reactions. Atmos Environ; 19: 1601-1608.
Pitts Jr JN, Lokensgard D and Harger W (1978). Atmospheric reactions o f polycyclic 
aromatic hydrocarbon; facile formation o f mutagenic nitro dérivâtes. Science; 202: 515 - 
519.
PPDARM, Plan Descontaminacion Region Metropolitana. INE, Sectra, Mayo 1998.
Pysalo H, Tuominen J, Wickstrom K, Skytta E, Tikkanen L, Saloma S, Sorsa M, Nurmela 
T, Mattila T and Pohjola V (1987). Polycyclic organic material (POM) in urban air. 
Fractionation, chemical analysis and genotoxicity of particulate and vapour phases in an 
industrial town in Finland Atmos Environ; 21; 1167-1180.
Quinones L and Gil L (1995). Induction o f rat hepatic P4501A1 by organic extracts from 
airbone particulate matter in Santiago, Chile. Xenobiotica; 25: 81-89.
Reali D, Schlitt H, Lohse C, Barale R and Loprieno N (1984). Mutagenicity and chemical 
analysis of airborne particulates from a rural area in Italy. Environ. Mutagenesis; 6: 813 - 
823.
Rodriguez H and Loechler EL (1993). Mutagenesis by the (+) anti-diol epoxide of 
benzo(a)pyrene: What controls mutagenic specificity?. Biochemistry; 32: 1759 -1769. 
Rosenlcranz HS (1996). Mutagenic nitroarenes, diesel emissions, particulate induced 
mutations and cancer: an assay on cancer causation by a moving target. Mutat Res; 367(2): 
65 -72.
Ruggeri B, DiRado M, Zhang SY, Bauer B, Goodrow T, Klein-Szanto AJP (1993). 
Benzo(a)pyrene induced murine skin tumors exhibit frequent and characteristic G to T 
mutations in the p53 gene. Proc Natl Acad Sci USA; 90:1013-1017.
Sabbioni G (1994). Hemoglobin binding of arylamines and nitroarenes: molecular 
dosimetry and quantitative structure activity relationships. Environ Health Perspec; 
102(Supple 6): 61 -67.
Salazar I, Litvak S and Gil L (1983). Modulation of rat liver aryl hydrocarbon 
(Benzo(a)pyrene) hydroxylase activity by nutritional effects. Journal o f Toxicology and 
Environmental Health; 11:519-533.
Samet JM., Marbury MC and Spengler JD (1987). State o f art: health effects and sources 
of indoor air pollution. Part I Am Rev Respir Dis; 136:1486-1508.
Sanchez J, Ilabaca M and Olaeta I (1998). Evolucion de la contaminacion atmosférica por 
material particulado respirables. Region Metropolitana. Revista Chilena de Salud Publica. 
2(2); 154-156.
Sato T, Ose Y, Nagase H and Kito H (1990). Mechanism o f antimutagenicity o f aquatic 
plant extracts againts benzo(a)pyrene in the Salmonella assay. Mutat Res; 241: 283 -290.
161
Scheepers PT, Straetemans MM, Koopman JP and Bos RP (1994). Nitroreduction and 
formation o f hemoglobin adducts in rats with a human intestinal microflora. Environ 
Health Perspect; 102, Supp 6: 39 -41.
Schuetzle D (1983). Sampling o f vehicle emissions for chemical analysis and biological 
testing. Environ. Helath Perspect.; 47: 65 -80.
Seglen PO (1976). Preparation o f isolated rat liver cells. In: Methods in Cell Biology (ed. 
prescott); vol X in, Chapter 4; p 29 -83.
Shen Z, Wells R1 and Elkind MM (1994). Enhanced cytochrome P450 (Cyplb 1) 
expression, aryl hydrocarbon hydroxylase activity, cytotoxicity, and transformation of  
C3H10T1/2 cells by dimethylbenz(a)anthracene in conditioned medium. Cancer Res; 54: 
4052 -4056.
Shimada T, Martin MV, Pruess-Schwartz D, Mamett LJ and Guengerich FP (1989). Roles 
of individual human cytochrome P450 enzymes in the bioactivation o f benzo(a)pyrene, 7,8- 
dihydroxy-7,8-dihydrobenzo(a)pyrene, and other dihydrodiol derivatives o f polycyclic 
aromatic hydrocarbons. Cancer Res; 49: 63-4 -6312.
Silva M, Daher V, Adonis M and Gil L (1992). Dano cromosomico en el cariotipo humano 
provocado por agentes carcinogénicos del aire de Santiago. Revista Chilena de 
Cancerologia; 2:31-35.
Shou M, Korzekwa KR, Crespi CL, Gonzalez FJ and Gelboin HV (1994). The role of 12 
cDNA-expressed human, rodent, and rabbit cytochromes P450 in the metabolism of 
benzo(a)pyrene trans-7,8-dihydrodiol. Mol Carcinog; 1: 159 -168.
Smith DJT and Harrison RM (1996). Concentrations, trends and vehicles source profile of 
polycyclic aromatic hydrocarbons in the U.K. atmosphere. Atmospheric Environ.; 30(14): 
2513 -2525.
■ Spengler JD and Sexton K (1983). Indoor air pollution: a public health perspective. 
Science; 221:9 -17.
- Steinmetzer HC, Baumeister W and Vierle O (1984). Analytical investigation on the 
contents o f PAHs in airborne particulate matter from two Bavarian cities. Sci. Total 
Environ; 36: 91-96.
- Stmiste GR, Nickols JW and Okinaka RT (1985). Photochemical oxidation o f 2- 
aminofluorene: correlation between the induction o f direct-acting mutagenicity and the 
formation o f nitro and nitroso aromatics. Mutat Res; 151: 15 -24.
- Sutter TR, Tang YM, Hayes CL, Wo YP, Jabs EW, Li X, Yin H, Cody CW and Greenlee 
WF (1994). Complete cDNA sequence o f a human dioxin-inducible mRNA identifies a 
new gene subfamily o f cytchrome P450 that maps to chromosome 2. J Biol Chem, 269: 
13092 -13099.
- Talcott RE and Harger W. (1981). Chemical characterization o f direct-acting mrbome 
mutagens: The functional group. Mutat Res; 91:433-436.
- Teel RW (1986). Ellagic acid binding to DNA as a possible mechanism for its 
antimutagenic and anticarcinogenic action. Cancer Letters; 30: 329 -336.
- Terashima T, Wiggs B, Eglish D, Hogg JC and van Eeden SF (1997). Phagocytosis of 
small carbon particles (PMIO) by alveolar macrophages stimulates the release of 
polymorphonuclear leukocytes from bone marrow. Am J Respir Crit Care Med; 155(4): 
1441 -1447.
162
- Thilly WG, DeLuca JG, Furth EE, Hoppe H, Kaden DA, Krolewski HL, Skopek TR, 
Slapikoff RJ, Tizrd RJ and Penman BW (1980). Gene locus mutation assays in diploid 
human lymphoblast lines, in: FJ. de Serres and A. Hollaender (eds.). Chemical Mutagens, 
vol.6, Plenum, New York, pp 331 -364.
Thompson DJ, Brooks L, Nishioka MG, Lewtas J and Zweidinger RB (1993). Bioassay 
and chemical analysis o f ambient air particulate extracts fractionated by using nonaqueous 
anion exchange solid phase extraction. Intern J Environ Anal Chem; 53: 321 -335.
Timonen KL and Pekkanen J (1997). Air pollution and respiratory health among children 
with asthmatic or cough symptoms. Am J Respir Crit Care Med; 156(2 Ptl): 546 -552.
Turk BH and Brown, JT (1987). Geisling-Sobotka K, Froehlich, DA, Grimsrud, DT, 
Harrison, J, Koonce, JF, Prill, RJ, Revzan, KL (eds.) Indoor Air Quality and Ventilation 
Measurements in 38 Pacific Northwest Commercial Buildings, Vol. I.-Measurement 
Results and Interpretation (LBL-22315 1/2), Vol. H. Appendices (LBL 22315 2/2), 
Lawrence Berkeley Laboratory, Berkeley, CA 94720.
Van Vaeck L, Van Cauwenberghe K and Janssens J (1984). The gas particle distribution of 
organic constituents: measurement of the volatilisation artefact in Hi-Vol cascade impactor 
sampling. Atmospheric Environ; 18: 417-430.
Villalobos R, Blanco S and Gomez. A (1995). Mutagenicity assessment of airborne 
particles in Mexico city. Atmospheric Environ; 29 (4), 517-524.
Villani P, Orsiere T, Bartfai E, Pelissier AL, Duffaud F, Bouvenot G and Botta A (1997). 
Application o f micronucleus test for the demostration of antimutagenic properties of 
natural substances. Ann Biol Cli; 55(6):573 -6.
Wakabayashi K, Shioya M, Grivas S, De Flora S, Nagao M and Sugimura T (1988). 
Direct-acting mutagens formed from aminoimidazoquilines by photo-irritation. Mutat Res; 
203: 383-392.
Wall KL, Gao W, Koppel JM, Kwei GY, Kauffinan FC and Thurman RG (1991). The liver 
plays a central role in the mechanism of chemical carcinogenesis due to polycyclic aromatic 
hydrocarbons. Carcinogenesis; 12(5): 783 -786.
Wallace LA, Pellizeri ED, and Gordon SM (1985). Organic chemical in indoor air: a 
review of human exposure study and indoor quality studies. In: Gammage RB., Kaye SV., 
eds. Indoor air and human health.; Chelsea, NÈ: Lewis Publishers; 361-378.
Wargovich MJ (1997). Experimental evidence for cancer preventive elements in foods. 
Cancer Lett; 114(1-2): 11-7.
Watanabe M, Ishidate M and Nohmi T (1989). A sensitive method for the detection of 
mutagenic nitroarenes: construction o f nitroreductase-overproducing derivatives o f 
Salmonella typhimurium strains TA 98 and TAIOO. Mutat Res; 216, 211-220.
Water M.D, Vau^an TO, Abemethy DR, Garland HR, Cox CC and Coffin DL (1975). 
Toxicity o f platinum (IV) salts from cells o f pulmonary origins. Environ. Helath 
Perpectives, 12; 45-56.
Wattenburg LW (1970). The role of the portal of entry in inhibition o f tumorigenesis. 
Prog. Exp. Tumor Res., 14, 89-104.
Weinder-Wells MA, Altom J, Fernandez J, Fraga-Spano SA, Hilliard J, Ohemeng K and 
Barret JF (1998). DNA gyrase inhibitory activity o f ellagic acid derivatives. Bioorg Med 
Chem Lett; 8(1):97 -100.
163
Westerholm RN, Amen J, Li H, Rannug JLF, Egeback KE and Gragg K (1991). Chemical 
and biological characterization of particulate, semivolatile, and gas phase associated 
compounds: A  comparison o f there different semivolatile phase samplers. Environ Sci 
Techno; 25: 332-338.
Wilson WE and Suh HH (1997). Fine particles and coarse particles: concentration 
relationships relevant to epidemiologic studies. J Air Waste Manag Assoc; 4(12): 1238 - 
1249.
Wood AW, Huang MT, Chang RL, Newmark HL, Lehr RE, Yagi Sayer JM, Jerina D 
and Conney AH (1982). Inhibition o f the mutagenicity o f bay-region diol epoxides of 
polycyclic aromatic hydrocarbons by naturally occurring plant phenol: Exceptional activity 
of ellagic acid. Proc Natl Acad Sci; 79: 5513 -5517.
World Health Organization (WHO)(1983).Copenhagen, Denmark. Working Group on 
Assessment and Monitoring o f Exposure to Lidoor Pollutants. Indoor Air Pollutants : 
Exposure and Health Effects. EURO Reports and Studies, 78.
World Health Organization (WHO) (1986). Copenhagen, Denmark. Indoor Air Quality 
Research. EURO Reports and Studies, 103.
Yun CH., Shimada T. and Guengerich FP. (1992). Roles o f human liver cytochrome 
P4502C and 3A enzymes in the 3-hydroxylation of benzo(a)pyrene. Cancer Res.; 52: 1868 
-1874.
Zander M. (1980). Origins, chemical and physical properties of PAH. In: Air pollution 
through polycyclic aromatic hydrocarbons: Registration and evaluation. VDI Report N® 
358, p p l l - 2 1 .
UNIVERSITY OF SURREY LIBRARY
Reproduced with permission of copyright owner. Further reproduction prohibited without permission.
